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Executive Summary
The objective of this literature review is to gather the relevant infonnation
regarding beach characteristics and beach erosion in order to undertake the project
development stage of the thesis project. The background information that was reviewed
was the different zones that are located on a beach; the functions of a beach and what
most beaches are commonly used for; how beaches were fonned; the legislation that is
related to the beach or any work that is required to be carried out on a beach and some
background infonnation on the erosion of beaches.
The most relevant beach characteristics that impact on beach erosion that were
found were the soil gradation and particle size of the beach material; the beach
slope/profile; if a sand bar and vegetation exists on a beach; the waves that impact on the
beach; the level of the high tide at the beach and the wind at the beach. The most
appropriate method of measuring the particle size of the soil was found to be by sieving.
The industry standard method of measuring the beach slope/profile was found to be by
using GPS. The existence of a sand bar and vegetation can be found by visual inspection,
fhe waves are measured by offshore buoys and the near shore data can be found using
appropriate software. The level of the tide can be found in published tide tables.
The processes that transport beach material and have a large impact on beach
erosion were found to be bed load transport; suspended load transport; sheet flow
transport and aeolian transport. These transport processed then transport the soil in
primarily two directions - cross shore (perpendicular with the shore line) and longshore
(parallel with the shore line). The beach characteristics have a large impact on the level of
beach erosion that occurs. They cause beach erosion but can also protect against it if in
the appropriate state. The beach protection measured that were discovered during the
literature review were planting of natural vegetation; sand recharge; groynes; a
breakwater; an artificial reef; a seawall/revetment and the modification of existing
protection measures.
The infonnation that is contained in this report will be used to carry out work
during the project realisation stage in order to achieve the overall objective of the thesis.
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Abbreviations
m

Metre

mm

Millimetres

km

Kilometre

kg

Kilogram

GPS

Global Positioning System

H

Wave Height

T

Wave Period

DMS

Degrees Minutes Seconds
Degrees
Minutes
Seconds

GIS

Geographical Infomiation System

%

Percentage
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Introduction

1 Introduction
When the consequences of any issue are clear to see, more emphasis is placed on
trying to reduce those negative effects. This can be said for the issues flooding and
coastal erosion. If a flooding event occurs in a large town or city then the government
will make an effort to try to prevent that from happening again.
The same ideology can be associated with beach erosion. If a beach that nobody
visits during the summer loses a large quantity of its sand compared to a beach that
attracts many tourists. More emphasis will be placed on bringing the tourist beach rather
than the other beach back to a healthy state.
As a result of sea level rise and the increases frequency of stonns, coastal and
beach erosion are becoming very serious issues. It is hoped that by carrying out this thesis
project more infonnation will be learned regarding the erosion of beaches as a result of
the state of the characteristics that exist on the beaches and that in the future beach
erosion can be slowed down or prevented altogether.
This thesis is divided into two sections, the first section is called project
development which is a literature review on the subject matter of the thesis and the
second section is called project realisation which is where the information acquired
during the literature review is used to carry out the project.
This report consists of a literature review on the beach characteristics, beach
erosion and beach erosion prevention/mitigation measures. These areas will be analysed
in detail so that further physical analysis can also be carried out during the second section
of the thesis. The main objective of the overall project is to classify beaches with regards
to certain characteristics and to detennine what erosion potential each class of beach
possesses. Measures will be suggested that can be put in place to prevent this erosion
from occurring for each class of beach.
This objective will be achieved by determining certain characteristics that exist on
a beach and then measuring these characteristics of a number of Irish beaches. The
recorded results will then be analysed and the possible variations for each characteristic
that may exist on a beach will be associated with an erosion potential value.
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The beaches will be classified into one of a number of classes. Each class will
have a different erosion potential. The classes will be differentiated by the state of each of
the beach characteristics.
The objective of the project development stage of the thesis is to acquire the
theoretical infonnation regarding beaches and beach erosion which will be utilised in the
project realisation stage of the project. This infonnation which is mentioned above is the
different beach characteristics; how to measure the state of each of these characteristics,
beach erosion, the Irish Coastal Protection Strategy Study and the beach protection
measures that exist.

/. 1

Outline of Chapters
The different characteristics that exist on each beach as well as how each of these

characteristics can be measured will be discussed in Chapter 2: Beach Characteristics.
There are onshore characteristics and offshore characteristics. Some of these
characteristics can prevent beach erosion but beach erosion can also be caused if the state
of some of the characteristics is suitable.
fhe different aspects of beach erosion will be discussed in Chapter 3: Beach
Erosion Theory. The types of beach erosion, the causes of beach erosion and the
consequences of beach erosion will be discussed.
The Irish Coastal Protection Strategy Study was undertaken to help gain an
insight into and to prevent coastal flooding and coastal erosion. The coastal protection
section with regard to coastal erosion of this study will be discussed in detail in Chapter
4.
The different types of measures that may prevent beach erosion or mitigate the
effects of beach erosion will be discussed in Chapter 4: Beach Protection Measures.
Some these measure are “soft engineering” measures and some of these are “hard
engineering” measures.
The conclusions from the literature review will be discussed in Chapter 5:
Conclusion. If any recommendations are discovered during the literature review, they
will be suggested in this chapter.
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Information that will be learned during the literature review will be used to carry
out the project realisation. The details of how the project will be realised will be
discussed in Chapter 7: Project Realisation Methodology.
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Background Information on the Beach
The beach is one of the boundaries between the land and the sea. Beaches vary

according to their length, width, soil and slope. The most common types of sediments that
occur on Irish beaches are shingle and sand. Shingle is a coarser material than sand.

2.1 Different Beach Zones
The different zones that exist on a beach (Rogers, et al., 2010) will be described in
this section. Some of the zones are located onshore and some extend from onshore to
offshore. The locations of some zones changes as the level of the tide changes from high
tide to low tide and back to high tide.
Beach Head:

This is the extreme top of the beach. A cliff, sand dune, seawall or
road may be located at this location to indicate that the beach stops
at this location.

Beach Crest;

This is the highest point that the wave run up reaches during high
tide.

Back Shore:

This is the part of the beach that is located between the beach head
and the beach crest. This zone is only affected by the water when a
stonn event occurs.

Breaker Zone:

This is the location on the beach where the in-coming waves start
to break. This usually occurs in water depth of 5m to 10m. This
location changes continuously as the tide comes in and goes out.

Surf Zone;

This is the zone between the breaker zone and the highest point
that the water reaches. This surf zone changes as the tide comes in
and goes out.

Swash Zone;

This is the location on the beach where wave actions occur. It is
between the water line and the highest point that the water run up
reaches.

Foreshore:

This is the zone of the beach between the location of the water
during high tide and 22.24 km offshore (Department of
Environment, Community and Local Gov, 2007).
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2.2 Functions of the Beach
Beaches are mainly used for recreational purposes and tourism which means that
they provide people with a pastime and improves the local economy. In some areas the
beach is used directly as a source of income. Some small fishing vessels may berth on the
beach and some people may fish directly from the beach itself Beaches are also
important because they are part of the natural landscape of the coast (Rogers, et al.,
2010). Beaches can provide a natural habitat for some flora and fauna where vegetation
exists at the top of the beach. Some birds feed and survive as a result if this fauna that
exists in the vegetation (Rogers, et al., 2010). It is important that beaches are kept in such
a manner that they are suitable to cater for all the activities and creatures that rely on the
beach to survive.
This report will focus on beach erosion and strategies and measures will be
advised to ensure that beaches remain in an adequate condition to carry out their function.

2.3 How Beaches were formed
Beaches are fonned by a number of different methods. One of these methods is
when glacial ice sheets existed thousands of years ago. Some thick boulder clay sediment
that was under the ice sheets was transported by the ice sheets to the coast. Also, when
this ice melted, the melted water rapidly flowed to the coast in rivers. This rapid flow
carried sand and gravels and deposited this sediment at the coast (Rogers, et al., 2010).
Thousands of years ago sea level rise occurred at a much greater rate than of
today. As the sea level rose sediment was transported from the sea onto land. When the
rate of sea level then slowed some sediment was deposited at the boundary between the
land and the sea and this is another method of how beaches were fonned (Rogers, et al.,
2010). There are different types of rocks along any coast. Some of this rock may be soft
sedimentary rock or some may be harder rock. After a number of years the sea may erode
the softer rock and cause it to break up into pebbles and sand. The build-up of these
pebbles and sand is another method of how beaches are formed (Rogers, et al., 2010).
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2.4 Beach Erosion
There are natural proeesses that cause a beach to lose its sediment and to gain
more sediment from other locations. The areas that beach sediment is lost to are called
sinks and the areas that beach sediment is gained from are called sources (Van Rijn,
1998). When the losses of sediment from a beach are greater than the gains of sediment
beach erosion occurs. Beach erosion does not Just occur when sediment is lost from
certain locations of a beach. If the high water level of a beach is continuously progressing
landward and transforming the land behind the beach into part of the beach, erosion is
occurring at that beach.
The sources of sediment for a beach are erosion of cliffs, erosion of the seabed,
rivers, and estuaries and there is an unnatural source also, which is human activity
(Rogers, et al., 2010). Waves may erode cliffs and the loose sediment from the cliffs
supplements the sediment that is already on the beach. The sea bed may become eroded
and the eroded material may be transported ashore. The flow of water in rivers and
estuaries may transport sediment along the river to the coast and then deposit on a beach.
The human activities that serve as a source of sediment for beaches are disposal of waste
from a mine or a quarry and sand replenishment.
The processes that cause a beach to lose some of its sediment are longshore
transport, cross-shore transport, abrasion of sediment, wind and people extracting
sediment from a beach. These processes will be discussed in more detail in Chapter 3. If
beach erosion occurs it may cause the beach to lose some of the attractiveness which
would reduce the number of people using the beach as an amenity. Erosion may also
destroy flora and fauna habitats.

2.5 Legislation
The legislation that is appropriate with regards to works being carried out to
detennine if a beach is vulnerable to erosion or works to protect a beach from erosion is
discussed in this section. The appropriate legislation that are discussed are the Coast
Protection Act, 1963, the Foreshore Act, 1933, the Harbour Act, 1946, the Water
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Framework Directive, 2000, the Planning and Development Act, 2000 and the Fisheries
Act, 1980 (Sheehan & Harrington, 2012).
Under the Coast Protection Act, 1963 county councils are required to carry out
assessments of the coast that they believe may be under threat of erosion. If the county
council determines that coastal areas are under threat, they have the power to put
measures in place to protect the coastal areas from erosion (Office of Attorney General,
Coast Protection Act, 1963, 2013). The legislation covers the initial assessment, the
financing of the proposed project, works on the project and the maintenance of the
project. The maintencnce is very important in order to keep the coastal protection works
in good order. This legislation ensures that coastal protection works has to be carried out
if necessary.
The Foreshore Act, 1933 states that if work is required to be carried out on the
foreshore of the coast a lease or licence must be obtained from the Minister of
Environment, Heritage and Local Government (Office of Attorney General, Foreshore
Act, 1933, 2013). As mentioned earlier the foreshore is the zone between the high tide
level and 22.24 km offshore (Department of Environment, Community and Local Gov,
2007). The works that require this licence are energy projects that are located on the
foreshre such as oil, gas, wind, wave and tidal energy, the construction of structures on
the foreshore and the extraction of materials from the forseshore (Office of Attorney
General, Foreshore Act, 1933, 2013). The Foreshore Act, 1933 is appropriate to this
project because if any measures to protect a beach from erosion are required this
leglislation will have to be reviewed.
The function of the Harbour Act, 1946 is to ensure that the harbours around the
Republic of Ireland are managed, controlled and operated competently. The operators of
the harbours are required to provide facilities and accommodation to a reasonable
standard to the vessels, goods and passengers that use the harbours (Office of Attorney
General, 2013). In Ireland some beaches may be located in close proximity to a harbour.
If these beaches require protection measures from erosion, this Act must be reviewed to
ensure the protection measures are not in violation of the Act.
The Water Framework Directive, 2000/60/EC ensures that the quality of water
is monitored, protected and improved throughout Europe. The directive covers inland
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surface waters, transitional waters, groundwater and coastal waters (European Parliament,
2000). As the framework covers coastal waters, any work that may be carried out to
protect beaches from the risk of erosion will have to abide with the Water Framework
Directive and not decrease the quality of the water.
The Planning and Development Act, 2000 makes is compulsory that planning
pemiission is required for any developments that may be associated with beach protection
structures (Office of the Attorney General, 2013). This is very important as a structure
may be required to be implemented as a measure to protect a beach from erosion.
The Fisheries Act, 1980 ensures that the environmental quality of the fisheries
area and quality of the fisheries resource is maintained and improved where necessary
(Office of Attorney General, Fisheries Act, 1980, 2013). This act will have to be
considered when measures are proposed that will protect a beach from erosion if the
measures may interfere with a fisheries area.
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3

Beach Characteristics
The beach characteristics that exist are discussed in this chapter. There are

onshore characteristics as well as offshore characteristics. Some of the characteristics
exist on every beach for example the soil gradation and particle size and the wave
conditions but there are some characteristics that may or may not be present on a beach,
such as a sand bar or vegetation. The processes by which each characteristic is
determined, if present and quantified is also be discussed in this chapter.

J. 1 Onshore Beach Characteristics
d'he onshore beach characteristics that will be discussed will be the soil gradation
and particle size, the beach slope, sand bar and vegetation. Each of these has the potential
to prevent beach erosion from occurring but they can also aid erosion if they are in a
certain state.
3.1.1

Soil Gradation and Particle Size
The soil gradation and particle size on the beach is very important with regard to

beach erosion. The particle size of the soil on a beach varies throughout the beach. The
particle size of the soil at the top of the beach at the back shore or beach head is different
to the particle size at the bottom of the beach at the foreshore when the tide is out. I'he
particle size of the soil on a beach can have an impact on whether erosion occurs or not.
If the soil is very fine it will be easier for wave and wind action to transport it. However,
if the soil is coarser it will not be as easier for the wave and wind action to transport the
soil. In order to measure the soil gradation on a beach, particle size analysis must be
earried out on samples from the beach. Soil samples should be taken at locations at the
top, half way between the top and the bottom and at the bottom of the beach. This is
because the particle size of the soil may be different at these loeations. Soil samples
should be taken from the surface of the beach down to a depth of Im. The quantity of soil
collected depends on the soil sample itself If the soil is fine sand then 1kg is sufficient
but more soil may be required if the soil is coarse. This is so that the analysis of the soil is
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accurate. A decision can be made visually as to how much soil is required during the
sample collection. Analysis of the samples is then carried out in a laboratory. Sieve
analysis is earned out on the samples in order to determine a grading eurve and the
median particle size, denoted as D50. (Rogers, et al., 2010)
The quantity of soil retained in each of the sieves of the particle soil analysis will
be inputted into a speeific data sheet. This data sheet was specifically created to be used
in the partiele size analysis by sieving (BSi, 1990). Refer to Appendix A - Particle Size
Analysis Data Sheet to observe the data sheet that will be used during the project
realisation stage to aid in the analysis of the beach sediment. When the quantity of soil
that is held in each of the sieves is known, the results will be inputted into a partiele size
distribution chart (BSi, 1990). The chart is a curve of pereentage soil passing in each
sieve versus the particle size of the soil in mm. Refer to Appendix B - Particle Size
Distribution Chart to observe this chart which will be used in the next stage of the project
when particle soil analysis of the beach material takes place. The size of the soil can vary
from extremely small to very large. The names of each of the soil types and the
equivalent soil sizes can be observed in Table 3.1 Soil Types and Sizes (Rogers, et al.,
2010).

Table 3.1 Soil Types and Sizes (Rogers, et al., 2010)
Soil Name

Soil Size (mm)

Clay

<0.002

Silt

Sand

Gravel

Cobble

Aidan O' Connell

Fine

0.002-0.006

Medium

0.006-0.02

Coarse

0.02-0.06

Fine

0.06-0.2

Medium

0.2-0.6

Coarse

0.6-2.0

Fine

2.0-6.0

Medium

6.0-20.0

Coarse

20.0-60.0
>60.0
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3.1.2

Beach Slope/Profile
The profile of a beach is a cross section view from the top to the bottom of a

beach. It can be found at any location along the length a beach when the surface at that
location has been surveyed. The profile of the beach is found so that any changes over
time can be clearly seen. These changes may indicate erosion if the surface of the beach
is reducing but the profile can also show if the surface of the beach is gaining sand and
increasing. The slope of the beach can be found from the profile. If the slope changes at
locations between the top and bottom of the beach the slope can be found in segments
from the profile. Refer to Figure 3.1 Beach Profile (Scott, et al., 2011) to observe a
number of typical beach profiles.
r<(PK.A\. B€ACwTVPE PPOFUF

C'06«-al>0fe dtBUtr»c«

Figure 3.1 Beach Profile (Scott, et al., 2011)
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If the height of the surface of the beach decreases over time, this means that
erosion has occurred at that location and some of the sand has been transported to another
location. However, if the height at a location increases, that means that erosion has
occurred in another location and some sand has been transported to this location. If the
profile is found at a number of locations along the beach, it may be possible to track the
movement of sand.
If the slope of the beach is found to be very steep - approximately 10° - it may be
reflect the waves back out to sea and cause the incoming waves to lose some of their
energy. This would mean that the waves have less energy to cause erosion when they
break on the beach. Also if the slope of the beach is steep when the waves break, they
will not run up the beach a long distance. In comparison, if the slope - between 0° and 1°
- was flat the waves would run up the beach a longer distance which may cause more
transport of sand than if the slope was steep as the run up is greater.
The profile of a beach is usually perpendicular to the shoreline (Rogers, et al.,
2010). A number of profiles are found along the width of the beach as there may be
differences in the profile at different locations. The profile is found by either using a
level, a total station or GPS equipment.
GPS is industry standard method of finding the beach slope/profile as it is the
most accurate as there is less situations for human error to occur. When this process of
fining the profile is being repeated the precise locations of the profile points can be found
with ease as they were electronically recorded during the first surv'ey with the GPS.
3.1.3

Sand Bar
A sand bar is a raised area on a beach. Sand bars usually exist in a longitudinal

direction along a beach. If a sand bar or multiple sand bars are present on a beach they
may reduce the likelihood of erosion occurring. When the tide is in and the bars are
submerged they may cause the incoming waves to break before they reach the beach.
This is because the depth of the water reduces sufficiently to cause the waves to break. If
the waves break before they reach the shore then the water may have less energy when it
does eventually reach the shore. As the water has less energy, then there would be a
lower potential for these waves to cause erosion of the beach. The existence of sand bars
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is measured by visual inspection. When the tide is out it is clear to observe if a sand bar
or bars exist or not. A photograph should be taken at the same location each time a survey
is carried out to detennine if changes occur with regards to a sand bar.
3.1.4

Vegetation
The existence of vegetation at the top of a beach this has the potential to reduce

erosion. The roots of the vegetation would bind the sand and make it difficult for the
elements to transport this sand to another location. If vegetation is present at any location
on a beach erosion of that beach may be reduced. When waves flow over the vegetation,
some of the energy will be lost from the waves. This will reduce the potential that these
waves have to cause erosion of the beach (Turker, Yagsi, & Kabdasli, 2005). The
existence of vegetation at a beach is also measured by visual inspection. A photograph
should also be taken to detennine if the quantity of vegetation increases or decreases over
time.

3.2 Offshore Beach Characteristics
The offshore beach characteristics that are discussed in this section are waves, the
tide and the wind. These characteristics are the main causes of beach erosion if the state
of each of these is suitable.
3.2.1

Waves
Waves are one of the processes that can transport beach sediment (Van Rijn,

1998). The significant characteristics of waves are the wave height which is denoted by H
and the wave period which is denoted by T. The wave height and waver period are
collectively known as the wave climate. The wave height is the vertical difference in
height between the trough and the crest of a wave. This is measured in metres. The wave
period is the time it takes for two crests of a wave to pass the same point (Rogers, et al.,
2010) and this is measures in seconds. The processes by which waves transport sediment
are bed load transport and suspended load tranpsort (Van Rijn, 1998). These processes
will be disucssed in more detail in Chapter 3 The most accurate method of measuring
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wave climate is by using wave measuring instruments. The alternative methods are by
visual observation, results from numerical model and satellite infonnation (Rogers, et al.,
2010). In Ireland there are buoys located around the coast that monitor the wave period
and the wave height as well as wind direction, wind speed, temperature, dew point,
humidity and sea temperature (MetEireami, 2013). These values are readily available
from the Met Eireann webiste. The locations of the wave monitoring buoys surrounding
the Irish coast can be observed in Table 3.2 Wave Buoy Locations (MetEireann, 2013).
Table 3.2 Wave Buoy Locations (MetEireann, 2013)
Wave Buoy Name

Location (DMS)

Location

Ml (62090)

53° 7’ 36” N

74km west southwest of Slyne Head

11° 12’ 0”W

(off the Galway coast)

53° 28' 48” N

37km east of Howth Head (in the

5° 25’ 30” W

Irish Sea)

53° 7’ 36” N

56km southwest of Mizen Head (off

10° 33' 0” W

the Cork coast)

55° 0’ 0” N

83km west northwest of Rossan

10° O' 0”W

Point (off the Donegal coast)

5r4r 24’'N

56km south of Hook Head (off the

6° 42’ 16” W

south Wexford coast

53° 3' 36” N

389km west southwest of Slyne

15° 55’ 48” W

Head (in the deep Atlantic)

M2 (62091)

M3 (62092)

M4 (62093)

M5 (62094)

M6 (62095)

The wave height that is measured by the buoys offshore is not equal to the wave
height near shore. In order to find the wave height near shore, the offshore values have to
be appropriately transfonned. This can be carried out using computer software, such as
MIKE 21 (Scott, Masselink, & Russell, 2011) or by using the appropriate equation. The
equation is H=KsKRKDKtKkHo (Harrington, 2009), where:
•

H= local wave height (near shore)

•

Ks= shoaling coefficient

•

KR=refraction coefficient
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•

Ko^diffraction coefficient

•

Kf^decay coefficient

•

Kk=coefficient due to other influences

•

Ho=deepwater wave height
fhe equations for each of these coefficientts can be observed in Appendix A -

Wave Transfonnations. The measured wave period of the offshore waves is assumed to
remain constant as the waves travel to shallower waters (Harrington, 2009). The method
of transforming wave climate from deep to shallow waters by hand calculations is over
simplistic and can be very difficult. Care must be taken when using this method.
If measured infonnation is not available on the wave climate, wave prediction can
be carried out if wind information is known. Ifthe wind speeds, the distance over which
the waves will travel, the friction velocity and the drag coefficient are known the wave
height and wave period can be predicted (Harrington, 2009).
3.2.2

Tide
The tide is considered when discussing beach erosion because the level of water

on a beach may have an impact on the possibility of erosion occurring. When a low tide
occurs the water level is lower than when a high tide occurs. The tide and water level
have an impact on beach erosion in the following ways:
(i)

When the tide and water level are high overtopping of the beach can occur which

may transport sediment off the beach. (Rogers, et al., 2010)
(ii)

The sediment located at the water level of a high tide may be different than the

sediment located at the water level of a low tide (Rogers, et al., 2010). When the tide is
low there may be a different potential for sediment transport compared to when the tide is
high.
The time of high tide and low tide and the water level at high tide and low tide
can be predicted as the tide is affected by the orbit of the moon. These times and heights
are predicted for each year and published in Tide Tables. The times and heights are given
for a number of primary locations and correction values associated with these locations
are also given for secondary locations which are in close proximity to the primary
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locations. The primary Irish locations are Cobh in County Cork, Galway, Dublin, Belfast
and Tarbert in County Kerry. (Maps N' Charts Ltd, 2013)
3.2.3

Wind
Wind has a large influence on coastal erosion as it is one of the processes than

transports beach material. However, wind is not analysed as much as other transport
processes such as waves. Beach erosion may occur when winds cause waves to over top
the beach. If this occurs the water that over tops the beach may transport sediment behind
the beaeh. Winds can also produce waves offshore which can then cause beach erosion
when they reach the shore. When strong winds occur on a beach some sediment may be
picked up by the high winds and either transported to another location on the beach or off
the beach entirely (Rogers, et al., 2010). Winds can be measured by the same buoys that
measure the wave climate, fhe buoys around the Irish coast measure wind direction and
wind speed. These values can be found on the Met Eireann website (MetEireann, 2013).
Erom the literature reviewed, a method to transfonn the recorded offshore wind data to
the equivalent near shore data was not found.
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Beach Erosion Theory
When beach material is lost from a location and not replaced, erosion of that

location occurs. The transport processes which remove that remove that material, the
directions that the material can be potentially transported, the causes of beach erosion as
well as the consequences of beach erosion is discussed in this chapter.

4.1 Sand Budget
Sediment is transported naturally throughout a beach, off the beach and onto the
beach from external location. Beach erosion occurs when the quantity of sand transported
away from a location is greater than the quantity of sand transported to that location. A
sand budget is established in order to theoretically detennine if a beach is going to gain
sediment or lose sediment. When sediment is deposited from another location, that
location or the reason for the deposition is called a sediment source. The location where
sediment is transported from the beach or the reason for this is called a sediment sink
(Van Rijn, 1998). Some of the movements of sediment can be sinks as well as sources to
the beach.
4.1.1

Sediment Sources
If a river flows to the sea through a beach, sediment can be transported from

upstream of the beach to the beach. This transport of sediment depends on whether
vegetation exists, the flow and the sediment in the river. Erosion of cliffs in close
proximity to a beach is a source of sediment. Waves impacting on cliffs can cause some
sediment to break away from the cliff which may deposit in the water or on the beach.
The sediment that was deposited in the water may be transported onto the beach also.
When wind transports sediment from one part of a beach to another it is a sink as well as
a source. It is a source for the location that receives the sediment (Van Rijn, 1998).
Longshore transport and cross shore transport are sediment sources because as a result of
these processes sediment may be transported onto a beach either from another location on
the beach or from offshore. These were natural sources of sediment; however, an artificial
Aldan O' Conncl
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source also exists. This is nourishment of the beach. This is where sand is deposited by
humans onto the beach. Beach nourisliment will be discussed in more detail in chapter 5.
4.1.2

Sediment Sinks
Wind can be a sediment sink as well as a sediment source. Wind is a sediment

sink when it transports sediment from one loeation on a beach to another location where
there is a loss of sediment from the first location. Due to the aetion of the waves and
wind, sand particles rub together and abrasion occurs due to the friction between the sand
particles. As a result of the abrasion the particles may be finer and more susceptible to
sediment transport to another location on the beaeh or off the beach altogether. Water
may flow into a lagoon or small lake if it is located behind a beach when the tide is high.
When this occurs sediment is transported from the beach into the lagoon but may not be
transported back onto the beach when the tide goes back out (Van Rijn, 1998). Even
though longshore transport and cross shore transport were sediment sources they can also
be sediment sinks. If sediment is moved from on location on a beach by longshore
transport it is a sediment sink for the location that loses the sediment. Sediment can be
moved off a beach altogether by cross shore transport in certain weather conditions.
Similarly to the sediment sources, there is an artificial sediment sink that exists as well as
the natural sediment sinks. This is mining, when sand is removed from the beach by
humans for commercial purposes but not replaced (Van Rijn, 1998).

4.2 Sediment Transport Processes
Sediment can be transported by waves, the tide and wind (Van Rijn, 1998). The
processes by which water transports sediment are bed load transport, suspended load
transport, sheet flow transport and aeolian transport. These transport process will be
diseussed in this section.
The bed load transport process is where the movement of water causes particles
on the bed to move by either rolling or jumping. The layer of sediment that moves is only
a few particles thick. When some partieles move they collide with the sediment that is
underneath them on the bed and may cause these partieles to move also (Rogers, et ah.
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2010). Suspended load transport occurs when the turbulence of the water is high and
the water has more energy (Van Rijn, 1998). As a result of the turbulence the water mixes
with the sediment and the water is able to suspend the sediment above the bed. As the
water moves by wave action or by the tide it transports the sediment that is suspended in
the water. The sheet flow transport process occurs when ripples on the sea bed are
washed out as a result of the water due to the motion. When ripples are washed out they
are replaced by a sheet of particles which have a high concentration (Rogers, et al., 2010).
Aeolian transport is the transport of sediment by the force of wind (Han, Qu, Zhang, Zu,
Niu, & Liao, 2008). The quantity of sediment that may be transported by the wind
depends on the velocity of the wind, the wind direction and the characteristies of the
sediment.

4.3 Directions of Sand Transport
fhe movement of sediment can occur in different directions due to water and
wind. These directions are longshore transport and cross-shore transport.
4.3.1

Longshore Transport
Lonshore transport is when sediment is moved in the direction parallel to the

shore line. This process is also called longshore drift. This type of transport can be due to
waves approaching and breaking at an angle to a beach and the tidal current. If waves do
not approach a beach straight on they may transport sediment in the direction that they
are facing. When the wave height and the waver period are larger, a larger quantity of
sediment will be transported compared to the quantity of sediment that will be transported
if the wave height and period were less. This is due to the fact that the more energy that
the waves possess; the more sediment may be transported. The tidal current causes
longshore transport in a similar way to waves. At a beach the tide may come in and go
out at an angle to the beach. If this is the case sediment will be transported in the
direction that the tide is facing (Rogers, et al., 2010). Longshore transport may still occur
even if there are no waves.
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The wind can also cause longshore transport. If the wind blows along a beach it
may transport sediment in the direction that it is blowing. Longshore transport may not
always be in the one direction. As the direction that the wind is blowing changes the
direction that the sediment moves will also change. When longshore transport occurs the
sediment does not leave the beach. The sediment is transported to another location on the
beach. Beach erosion occurs when the sediment is not transported back to its original
position. There is a loss of sediment in one location and too much sediment in another
location (Rogers, et al., 2010). There exist a number of equations that can be used to
estimate rate of longshore transport on a beach. The equation that is most the most is the
‘CERC Formula'. This equation takes into account the breaking waves at the beach and
the characteristics of the beach sediment as well as the fluid density of the water
(Harrington, Coastal Zone Processes (Class Notes), 2010). Refer to Appendix B Longshore Transport Equation for a more detailed description of this equation.
4.3.2

Cross-shore Transport
Cross shore transport is the movement of sand perpendicular to the shore line. It is

transport in the same direction of the waves and tide, in and out of the beach. This type of
sediment transport is predominantly caused by the movement of water rather than by
wind. Sediment may be transported from an offshore location onto the beach or from the
beach to behind the beach. Sediment is transported as bed load, suspended load and sheet
flow from offshore to the surf zone. In the surf zone, the water is more turbulent so
sediment is transported as suspended load. On the beach sand from dunes that are located
at the top of the beach can be transported onto the beach by cross shore transport.

4.4 Causes of Beach Erosion
Beach erosion is not caused by one individual factor. It is caused by a
combination of factors that occur simultaneously. Each of these factors will be described
in this section.
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Onshore Beach Characteristics
Tlie onshore characteristics that were outlined in Chapter 3 were the soil and the

slope of the beach and the existence of a sand bar or bars and vegetation. Each of these
will not cause beach erosion individually if the other characteristics are in a state to
prevent erosion occurring. However, beach erosion may occur when a number of these
characteristics are in a suitable state to cause erosion simultaneously. These beach
characteristics may be able to protect against beach erosion if they are in an adequate
state but if they are not in this state beach erosion may occur as these characteristics
cannot prevent the erosion from occurring. The onshore characteristics cannot be
analysed exclusively, they must be analysed in conjunction with the offshore
characteristics. The highest potential for beach erosion to occur would be when the soil
was very fine, the slope was flat, no bar existed and there was no vegetation on a beach.
The state of each of the characteristics that may have the highest potential for
erosion will be discussed. If the D50 of the sand at the top and the bottom of the beach is
found to be fine it will be transported more easily. However, if the soil is coarser it will
provide the beach with some protection against erosion. If the slope of a beach is between
0“ and V\ the slope of the beach is said to be very gentle. If the slope is between 2" and
3*^, the slope is said to be not as gentle but simultaneously not steep. If the slope of the
beach is between 4" and 10" the slope is said to be steep and reflective. (Scott, Masselink,
& Russell, 2011). If the slope is reflective, it will provide protection against erosion as it
will reflect some of the wave energy back out against incoming and dissipate the energy
some of those wave. The existence of a bar on a beach will cause waves to break as they
travel over it and lose some of their energy. This will provide the beach with some
protection against erosion. If vegetation exists at the top of a beach it will act as a
protective measure against the transport of the soil in that location as the roots bind the
soil and hold it in place.
Each of these characteristics has the potential to prevent erosion from occurring if
they are in a suitable state, but for this project these characteristics will also be analysed
as regard the lack of protection they provide to a beach against erosion.
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Offshore Beach Characteristics
The onshore characteristics were described as beach characteristics that had a lack

of protection against beach erosion rather than causing it, but the offshore characteristics
can be described as causes of beach erosion. As the value of the wave height increases, it
would have more energy and therefore travel further up the beach. As a result of the large
quantity of energy in the waves more sediment may be transported as bed load or in
suspension. This sediment could be transported further distance if there was more energy
in the waves. As the energy of the waves increase the potential of erosion to occur also
increases. The wave period also has the potential to cause beach erosion. If the wave
period increases then more waves will be approaching the beach over a period of time. As
more waves impaet the beach more sediment may be transported throughout the beach.
When the level of the tide is high up the beach, the water may transport sediment as high
as the level of water reaches. Therefore, if the level of the high tide is low with respect to
the beach then there will be less potential for sediment to be transported throughout the
beach. The wind is another offshore characteristic that has the potential to cause beach
erosion. As with the other characteristics, the higher level of the wind the greater
potential there is that beach erosion will occur. If the wind speed and direction are
adequate then a large quantity of sand may be transported off the beach or throughout the
beach.
4.4.3

Sea Level Rise
It is believed that the global mean sea level rise during the 20'*^ Century was

1.7±0.5mm/year and that this figure has increased since then (Rogers, et al., 2010). The
sea level rise has a similar effect as the tide. As the sea level rises the water is able to
reach a higher level on the beach during the high tide. This would make it possible for the
water to transport sediment further up the beach. Also, as the level that the water can
reach increases it may damage obstacles that exist at the top of the beach such as
vegetation. If vegetation is located at the top of the beach and sea level rise gradually
removes it then the sediment at the top of the beach is more likely to be eroded away or
transported to another location on the beach. This may be the case with other obstacles in

Aldan O' Connel

M. Eng. in Civil Engineering

22

Beach Erosion Theory

Classifications of Irish Beaches to
Determine their Potential for Erosion

the water’s way. Beach protection structures, cliffs or even homes may be destroyed due
to sea level rise.
4.4.4

Human Activity
The movement of sediment throughout a beach is a natural process. Usually the

process of beach gaining sediment and losing sediment balance each other out. However,
erosion may occur when humans interfere with these natural processes (Rogers, et al.,
2010). The human activities that may cause beach erosion are when humans extract sand
from the beach or build structures that interfere with the natural sediment transport
processes. If a beach protection structure, such as groynes is constructed on a beach
initially erosion may be prevented from occurring at a certain location on the beach.
However, the groynes may restrict the transport of sediment to further down the beach
and erosion may occur at that location. This issue as well as beach protection structures
will be discussed in more detail in Chapter 6. If vehicles such as all-terrain vehicles are
constantly driven on beaches this may cause some sediment to be transported off the
beach or to another location on the beach. These vehicles may damage vegetation that
may eventually cause erosion to occur.

4.5 Consequences of Beach Erosion
There are a number of negative effects of beach erosion and they will be
discussed in this section. These negative effects are property damage; loss of amenity and
tourism; loss of flood protection and flooding and destruction of wildlife habitats.
4.5.1

Property Damage
If property is located in close proximity to a beach it may become damaged if

beach erosion occurs. As the land at the top of the beach is eroded away it may
undermine the structural integrity of buildings such as hotels or beach front homes. If
caravan parks are located at the top of a beach the ground or the caravans may become
damaged also. These buildings and properties may have to be altered to cope with the
loss of stability. In the worst case scenario the buildings may have to be abandoned or
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demolished if the beach erosion is severe. (Solo, 2013). Other forms may be damaged by
beach erosion if they are located at the top of the beach, for example golf courses. An
example of this is Barleycove Beach in West Cork. There was a golf course located at the
back of this beach but it was damaged due to beach erosion and was closed. Refer to
Figure 4.1 Barleycove Beach (Google Earth, 2010).

Previous
Location of
Golf Course

Figure 4.1 Barleycove Beach (Google Earth, 2010)
4.5.2

Loss of Amenity and Tourism
A beach may become less attractive to people wishing to visit the beach if beach

erosion occurs and parts of a beach lose a large quantity of its sand. Communities located
near beaches may be heavily reliant on the finance that beaches provide through its use as
an amenity and the tourism that it provides. If a beach is destroyed, the local economy
may be negatively affected (Laine, 2013). When beach erosion causes damage to hotels,
caravan parks or other amenities in close proximity to the beach as stated above, the
number of tourists that may come to that area may reduce. These businesses may have to
close down and employment in that area would be severely affected.
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4.5.3

Loss of Flood Protection and Flooding
Vegetation or trees may cause some protection against flooding if they are located

at the top of a beach or in the area behind a beach. They may help the ground soak up
some surface water. However, if the vegetation and trees are damaged or removed as a
result of beach erosion, that are may lose some protection against flooding. (Solo, 2013)
As the level of the high tide gradually moves up the beach water may eventually overtop
the beach occasionally or during a storm event. Each time this occurs the water may build
up behind the beach and cause flooding to occur. Therefore flooding would be
simultaneously prevented if measures were put in place to prevent erosion from
occurring.
4.5.4

Destruction of Wildlife Habitats
As mentioned above beach erosion can destroy vegetation and trees at the top of a

beach or behind the beach. This vegetation and trees may be habitats for wildlife. The
habitats of this wildlife that are located in the vegetation or in the trees may be destroyed
as a result of erosion occurring. As a result the wildlife could be wiped out. (Solo, 2013)
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Irish Coastal Protection Strategy Study

5.1 Introduction
The Irish Coastal Protection Strategy Study (ICPSS) is an assessment of the
extent of flooding and erosion around the coast of Ireland. The aim of the study is to
determine the existing level of flooding and erosion hazards as well as the potential risk
of these occurring in the future. It is hoped that the Irish Coastal Prtoection Strtegy Study
will be reviewed by local councils and local authorities when they are developing areas
around the coast of Ireland. This study can be very useful to infonn the local authorities
which areas are suitable or not suitable to develop in the future (RPS, 2011). The ICPSS
is being carried out in a number of stages. The names and locations of each stage can be
observed in Table 5.1 ICPSS (Casey, 2011).
Table 5.1 ICPSS (Casey, 2011)
ICPSS Stage Name

General Location

Specific Location

Phase 2

South East Coast

From Dalkey to Camsore Point

Phase 3A

North East Coast

From Dalkey to Carlingford Lough

Phase 3B

South Coast

From Camsore Point to Bantry Bay

Phase 4

South West and

From Bantry Bay to Killala Bay

West Coast
Phase 5

North West Coast

From Killala Bay to Lough Foyle

There are a number of tasks that are to be carried out in order to complete this
strategy study for each of the phases. These tasks have been classified as work packages
(WP). There are 12 work packages in total but the majority of the work packages are in
relation to coastal flooding. The work packages that are in regard to coastal erosion can
be observed in Table 5.2 Coastal Erosion Work Packages (Casey, 2011).
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Table 5.2 Coastal Erosion Work Packages (Casey, 2011)
Work Package

Work Package Title

Output from Work Package

Development of Coastal GIS

Report and Coastal GIS Database

Notation
WP 1

Database
WP 4A

Identification and Mapping of

Report and Coastal GIS Shapefiles

Erosion Hazard Outlines
WP4B

Economic Assessment of Assets

Economic Report

At Risk from Coastal Flooding
and Erosion
WP 5

WP 7

Development of a Stonn Surge

Calibrated Strom Surge Prediction

Prediction Model

Model

Development of a Coastal

Coastal Survey Template

Survey Template
WP 8

Decision Support Tool for

GIS Based Support Tool

Prioritising Coastal Protection
Projects
WP 9B

Integration of Climate Change

Future Seenario Erosion Maps

Effects ICPSS Erosion Maps

The only work packages that are exclusively in relation to coastal erosion are WP
4A and WP 9B. The remaining work packages from this table are associated with coastal
flooding in conjunction with coastal erosion. The remaining five work packages which
are not shown here are exclusively related to coastal flooding. (Casey, 2011). Each of
these work packages is hoped to be carried out for each of the five locations around the
Irish coast. The status of each of the work packages as regard coastal erosion for each
location around the Irish coast will be discussed in more detail.
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5.2 Phase 2 South East Coast
As mentioned above the section of the Irish coastline that is analysed in Phase 2
of the ICPSS is from Dalkey in Dublin to Camsore Point in Wexford. Refer to Figure 5.1
South East Coast Location (RPS, 2010) for the specific location of the coast where this
stage of the study was carried out. The coastline marked in red is the location for this
phase.
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Figure 5.1 South East Coast Location (RPS, 2010)
The status of the coastal erosion work packages for phase 2 as of May 2011 can
be observed in Table 5.3 Phase 2 Work Packages Status (Casey, 2011).
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Table 5.3 Phase 2 Work Packages Status (Casey, 2011)
Work Package

Work Package Title

Status

WP 1

Development of Coastal GIS Database

Complete

WP4A

Identification and Mapping of Erosion Hazard

Complete

Outlines
WP4B

Economic Assessment of Assets At Risk from

Nearing

Coastal flooding and Erosion

Completion

WP5

Development of a Stonn Surge Prediction Model

Complete

WP 7

Development of a Coastal Survey Template

Outstanding

WP 8

Decision Support Tool for Prioritising Coastal

Outstanding

Protection Projects
WP9B

Integration of Climate Change Effects ICPSS

Outstanding

Erosion Maps

5.3 Phase 3A North East Coast
Phase 3A of the ICPSS covers the North East Coast from Dalkey to Carlingford
Lough in Louth (Casey, 2011). Refer to Ligure 5.2 North East Coast Location (RPS,
2010) to observe this location. The coastline marked in red is the location for this phase.
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Ligure 5.2 North East Coast Location (RPS, 2010)
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The status of each of the coastal erosion work packages for this stage can be
observed in Table 5.4 Phase 3A Work Packages Status (Casey, 2011).
Table 5.4 Phase 3A Work Packages Status (Casey, 2011)
Work Package

Work Package Title

Status

WP 1

Development of Coastal GIS Database

Complete

WP4A

Identification and Mapping of Erosion Hazard

Complete

Outlines
WP 4B

Economic Assessment of Assets At Risk from

Nearing

Coastal Flooding and Erosion

Completion

WP 5

Development of a Stonn Surge Prediction Model

Complete

WP 7

Development of a Coastal Survey Template

Outstanding

WP 8

Decision Support Tool for Prioritising Coastal

Outstanding

Protection Projects
WP 9B

Integration of Climate Change Effects ICPSS

Outstanding

Erosion Maps

From this table it can be observed that the status of each of the work packages for
Phase 3A was at the same level of completion as the work packages for Phase 2 of the
ICPSS.

5.4 Phase SB South Coast
Phase 3B covers the South Coast of Ireland from Camshore Point to Bantry Bay
in Cork. Refer to Figure 5.3 South Coast Location (RPS, 2011) to observe this location
on a map of Ireland. The coastline marked in red is the location for this phase.
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Figure 5.3 South Coast Location (RPS, 2011)
The status of each of the work packages that are in relation to coastal erosion for
this stage of the ICPSS can be obsevrved in Table 5.5 Phase 3B Work Packages Status
(Casey, 2011).
Table 5.5 Phase 3B Work Packages Status (Casey, 2011)
Work Package

Work Package Title

Status

WP 1

Development of Coastal GIS Database

Complete

WP 4A

Identification and Mapping of Erosion Hazard

Complete

Outlines
WP4B

Economic Assessment of Assets At Risk from

Outstanding

Coastal Flooding and Erosion
WP 5

Development of a Stonn Surge Prediction Model

Complete

WP 7

Development of a Coastal Survey Template

Outstanding

WPS

Decision Support Tool for Prioritising Coastal

Outstanding

Protection Projects
WP 9B

Integration of Climate Change Effects ICPSS

Outstanding

Erosion Maps
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The status of each of the work packages is at the same level of completion as the
work packages for Phase 2 and Phase 3A except for the Work Package 4B. This work
package is outstanding whereas it was complete for the two previous phases.

5.5 Phase 4 South West and West Coast
Phase 4 of the ICPSS encompasses the coast of Ireland from Bantry Bay to Killala
Bay in Mayo. Refer to Figure 5.4 South West and West Coast Location (Destination360,
2013) to observe the location of this study. The coastline marked in red is the location for
this phase.

Figure 5.4 South West and West Coast Location (Destination360, 2013)
The status of each of the work packages in relation to coastal erosion for this
phase can be observed in Table 5.6 Phase 4 Work Packages Status (Casey, 2011).
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Table 5.6 Phase 4 Work Packages Status (Casey, 2011).
Work Package

Work Package Title

Status

WP 1

Development of Coastal GIS Database

Complete

WP 4A

Identification and Mapping of Erosion Hazard

Outstanding

Outlines
WP 4B

Economic Assessment of Assets At Risk from

Outstanding

Coastal Flooding and Erosion
WP 5

Development of a Stonn Surge Prediction Model

Complete

WP 7

Development of a Coastal Survey Template

Outstanding

WP 8

Decision Support Tool for Prioritising Coastal

Outstanding

Protection Projects
WP 9B

Integration of Climate Change Effects ICPSS

Outstanding

Erosion Maps

It can be observed from this table that work has not commenced on the work
packages that are exclusively in relation to for coastal erosion. The only work packages
that are complete are the ones that are in relation to coastal Hooding in conjunction with
coastal flooding.

5.6 Phase 5 North West Coast
The location of Phase 5 of the ICPSS is along the North West Coast from Killala
Bay to Lough Foyle. Refer to Figure 5.5 North West Coast Location (Destination360,
2013) to observe where Phase 5 of the ICPSS is situated on the Irish coast. The coastline
marked in red is the location for this phase.
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Figure 5.5 North West Coast Loeation (Destination360, 2013)
The status of the eoastal erosion work paekages as of May 2011 can be observed
in Table 5.7 Phase 5 Work Packages Status (Casey, 2011).
Table 5.7 Phase 5 Work Packages Status (Casey, 201
Work Package

Work Package Title

Status

WP 1

Development of Coastal GIS Database

Complete

WP4A

Identification and Mapping of Erosion Hazard

Outstanding

Outlines
WP 4B

Economic Assessment of Assets At Risk from

Outstanding

Coastal Elooding and Erosion
WP 5

Development of a Storm Surge Prediction Model

Complete

WP 7

Development of a Coastal Survey Template

Outstanding

WP 8

Decision Support Tool for Prioritising Coastal

Outstanding

Protection Projects
WP 9B

Integration of Climate Change Effects ICPSS

Outstanding

Erosion Maps
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The level of completion for the coastal erosion work packages for Phase 5 is
identical to the level of completion for the work packages of Phase 4. There are no
exclusive coastal erosion work packages either started or completed.

5.7 South Coast Erosion
During the project realisation phase of this thesis, analysis will be carried out on
beaches along the south coast of Ireland, therefore more details of Phase 3 of the ICPSS
in relation to coastal erosion is discussed in this section. The work package that is
discussed in detail with regards to coastal erosion in this Phase is WP 4A. The aim of this
work package was to identify the erosion hazard and future risk of erosion. This work
package comprised of using past data of the position of the coastline and predict the
future position of the coastline in 2030 and 2050. (RPS, 2011)
This aim of this work package was achieved by the strategy study and erosion
maps were created. It was found that there are seven locations along this stretch of the
south coast that are most at risk of coastal erosion occurring. These locations are
Tacumshin to Kihnore Quay, Ballyteige Burrow to Cullenstown and Fethard, all of which
are in county Wexford, Tramore in county Waterford and Ballykinealy, Ballycotton and
the Old Head of Kinsale, all of which are in county Cork. (RPS, 2011)
An example of one of the erosion maps can be observed in Figure 5.6 Tacumshin
to Kihnore Quay - 2050 Erosion Map (RPS, 2011). This figure shows the 2050 erosion
map for the location of Tacumshin to Kilmore Quay in county Wexford. The line marked
in blue is the position of the coastline in 2000 and the line marked in red is the location of
the equivalent coastline in 2050.
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Figure 5.6 Tacumshin to Kilmore Quay - 2050 Erosion Map (RPS, 2011)
These erosion maps have been ereated for the position of the coastline in the year
2030 and 2050 for locations all along the coast from Camsore Point to Bantry Bay.
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6

Beach Protection Measures
The definition of beach erosion is when sediment is transported from one location

to another location within the boundary of the beach or to a location outside the beach
and not replaced and when the level of the high tide (high water level) progresses back
towards land. When the latter of these erosion processes occur land is lost to the sea and
cannot be used for any purpose other than as a beach.
Measures can be put in place to prevent the transport of sand throughout a beach
and prevent the high water level from moving landward. If these processes have already
occurred, measures can also be put in place to slow these processes or remedy the
situation. These beach protection measures will be discussed in this chapter. Some of the
measures are “hard” engineering solutions such as structures and some are “soft”
engineering solutions such as beach recharge.

6.1 Planting Natural Vegetation
This measure can be carried out in preparation for erosion occurring or if erosion
has occurred. The vegetation would be planted at the top of the beach. The roots of the
vegetation would bind the sand together and reduce the likelihood of that sand being
transported to another location. The vegetation would also prevent sand from being
blown off the beach by wind. The vegetation would catch the sand while it is suspended
in the air and keep it on the beach. This vegetation may become a habitat for flora and
fauna that otherwise may have died off An issue with this protection measure is that if
there is no existing vegetation it may be difficult to plant new vegetation. When the seeds
or small plants are planted they will not have the root network in place for a considerable
time and may be removed or destroyed by the natural forces of the wind and waves.
There is also the possibility of placing submerged vegetation near shore and allowing that
vegetation to cause the waves to break or disrupt them enough to lose some of their
energy (Turker, Yagsi, & Kabdasli, 2005). This method works in a similar manner as if a
sand bar or sand bars existed.
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6.2 Sand Recharge
This process is also known as sand replenishment. Sand recharge is the process by
which sand is artificially transported onto a beach in order to compensate for the loss of
sand from the beaeh that has not been replaced naturally. Sand can naturally be
transported onto a beach by means of wind and wave action but can also be transported
away from beaches by these forces. These natural processes have the potential to allow
the beach to remain balanced as regard the quantity of sand on the beach but when these
processes are interfered with - usually by humans - the beach may not be able to
naturally replenish the sand that has been lost. The human interferences can include the
removal of sand from the beach to be used in construction or other industries, the
alterations to the profile of a beach to allow for construction or developments at the top of
the beach such as a promenade or the introduction of breakwaters or groynes that prevent
sand from travelling along the beach. (Rogers, et al., 2010) In order to ensure that a beach
remains in a healthy state sand recharge may be required to be carried out in regular
intervals. The length of time between each recharge will depend on the rate of erosion on
the beach. Some beaches may require sand recharge annually or other beaches may
require sand recharge every ten years. Each situation will differ from the next so detailed
analysis is required to be carried out in order to protect a beach from erosion.
6.2.1

Source of Recharge Material
The recharge material can be sourced from a number of locations. Longshore

transport can occur at a beach primarily in one direction. There may be a build of sand at
one end of the beach as a result. In this case the source material for the location of the
beach with the deficit of sand may be the location of the beach with the build-up of sand.
This sand may be supplemented with coarser material in order to ensure that it is not
transported in the future as easily. The source material would be identical to the existing
material so there would be no issue with aesthetic alterations due to the recharge material.
This may have to be a continuous process if the sand continues to be transported down
the beaeh by longshore drift. The recharge material can also be sourced from locations
away from the beach and transported to the beach. There are a number of different
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external locations which can be offshore as well as onshore. The first location that
recharge material can be sourced from in a licenced offshore location. This type of source
is one that is used regularly as a sediment source. The type of sediment that is at this
location is known so extra time and cost are not required to detennine this. Licences are
not required to begin removing sediment from these locations as this has been carried out
previously. Even though there is sediment available at these locations the type of
sediment may not be suitable for the beach where sand recharge is required. Another
location which is similar to that location is an unlicensed offshore location. This type of
location has been deemed to be suitable to remove material but approval has not been
granted to remove that material yet. It may be up to 10 years before a licence is granted
so if material is required immediately this type of location will not be suitable. These
types of locations are valuable for future recharge projects rather than current projects or
projects in the near future. There may be developments occurring around the coast such
as marinas or port construction works. Dredging may be required to carry out these
projects. If there is recharge material required for a beach in relatively close proximity to
the dredging, the dredged material may potentially be used as the recharge material, fhis
may only occur if the dredged material is suitable for the beach. In most cases the
dredged material is similar to the required recharge material once other negative factors
are not present such as contaminants in the dredged material. The dredged material may
be discarded offshore if another used is not found, so if it was used as a beach recharge
material it may save some disposal costs for the development. (Rogers, et ah, 2010)
Beach recharge material can also be sourced from onshore locations. These locations may
be sand pits or quarries. The specific type of material that is at these locations will be
known and it may not cost as much as an offshore source to retrieve the recharge
material. (Rogers, et ah, 2010) Whether the source of the recharge material is onshore or
offshore, the recharge material from these locations may not be entirely suitable as beach
recharge material so the material may need to be combined with material that is similar to
the existing sand on the beach in order for it to be used.
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Analysis of the Recharge Material
The sources of the recharge material also depend on the type of material that is

already on the beach. It is not possible to use any material just because it is easy to
acquire. A number of aspects of the recharge material have to be analysed before any
replenishment of a beach can be carried out. These aspects are the size, the aesthetics and
the durability of the material. (Rogers, et al., 2010) It is very important to analyse the
existing material on the beach as well as the material that may be used to recharge the
beach. Due to the fact that the beach has lost some of its sediment it is not plausible to
recharge the beach with identical recharge material. If this was done, the new sediment
may be transported away from the beach as easily as the existing material. The recharge
material should be coarser than the existing material so that it is not possible to be
transported as easily. The grading of the recharge material should be similar to the
fineness or coarseness of the existing material. Depending on the beach and the existing
sand, the grading of the recharge material will vary and will not only consist of one size
of grand. It is important that there is a limit on the smallest size of sand but also a limit on
the largest size of sand. If a size of sand that was too small was used, it may be
transported away from the beach with ease by the waves and the wind. If the sand was
too large was used it may not aesthetically pleasing when combined with the existing
material. The aesthetics of the recharge material is very important. The recharge material
will have to look similar to the existing sand on the beach. If recharge material was used
that looks different to the existing material, people may not wish to use the beach as an
amenity (Rogers, et al., 2010). The primary reason for carrying out beach recharge may
be to improve the aesthetics of the beach rather than if beach erosion has occuned. If the
sand on a beach is not aesthetically pleasing, new sand may be placed on the beach to
attract people to use it and bring tourism to that community. The durability of the
recharge material has to be at a certain level in order to repel the forces of the wind and
the waves. The recharge material will have to be of sufficient durability to stop the wind
and the waves from destroying the material by abrasion. (Rogers, et al., 2010)
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6.2.3

Volume of Recharge Material
The volume of the recharge material required can be approximately divided up

into three categories. The three categories are volumes of recharge material less than
100,000m^, between 100,000m^ and 300,000m^ and greater than 300,000m^. The source
of each of the recharge material may differ when each of the different volumes of
recharge material is required. (Rogers, et al., 2010) In order to determine the volume of
recharge material required there are three methods available. The first is to cairy out
simple calculations to determine the volume required. A comparison of the features of a
healthy beach that is similar to the beach requiring sand recharge can be carried out as
one of the simple methods. The beach features may include the crest height, the crest
width, the slope of the beach and the level of the low tide. From these values the quantity
of the recharge material required to return the beach to a healthy state can be found. An
alternative method that can also be used is the Dutch Design Method. For this method
regular monitoring of beaches is required for a sustained period of time. As a result of the
monitoring, the volume of sand that has been lost from a beach due to erosion can be
found. Therefore, the volume of sand that is required to recharge that beach can be
detennined. fhe second method to detennine the volume of recharge material required is
to carry out calculations which take into account the wave climate at the location of the
beach and the grain size and grading of the recharge material. The most common
calculation methods used to calculate the recharge volume are ‘Dean's equilibrium
profile method’, ‘Pilarczyk, van Overeem and Bakker equilibrium slope method’ and
‘overtlll factor/overfill ratio methods’. The final method which is used to detennine the
volume of recharge material required is by computational or physical modelling. The first
two methods are commonly used as preliminary calculations and then followed up with
the use of computational/physical modelling. The modelling method is primarily used
when sand replenishment is used in conjunction with other beach protection methods
such as groynes or a breakwater as each of the different protection measures interact and
should not be analysed individually. The modelling takes the wave conditions into
account more so than the first two methods do in their respective calculation processes.
(Rogers, et al., 2010)
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Transport of Recharge Material
The transport of the recharge material depends on where the source of the material

is located. If the material is sourced and transported from an offshore location, the
transport is said to be a ‘hydraulic’ method and if the material is sourced and transported
from an onshore location the transport is said to be a ‘dry’ method. Before transportation
of the material to its destination can be carried out, the material must be extracted from
the location where it exists. This location can vary from on the sea bed or in a quarry.
(Rogers, et al., 2010) When the material is sourced from the sea bed, it is dredged using
specialist dredging equipment on ships. There are a number of different methods of
dredging used from suction of the material or lifting the material into the ship with
buckets or backhoes. When the material is sourced from a quarry it is extracted using
heavy construction machinery such as diggers and cranes. The different 'hydraulic'
methods of material transport are as follows. If the location of the beach recharge is in
close proximity to the dredging location, the material can be pumped through a pipeline
to the beach directly from the source. (Rogers, et al., 2010)
The recharge material can be transported from the source location by a ship, then
dumped in close proximity to the beach and pumped through a pipeline to the location of
the beach. This transportation of the recharge material may be used when it is not
possible for a ship to travel close enough to the beach to pump the material directly onto
the beach. The recharge material may be transported on a ship directly from the source to
the beach recharge location. The material is placed directly on the beach from the ship
either by pumping or by crane. This method of transportation and placement of the
recharge material is more common with small scale beach replenishment projects. In a
similar manner the recharge material may be transported directly from the source to the
recharge location, but on a split bottom vessel. Then when the tide is in and the water is
at its highest the vessel can open and allow the recharge material to drop into the water.
When the tide goes out and the water level drops the material will then be located at the
bottom of the beach. (Rogers, et al., 2010)
With all of these transportation methods the material will have to be spread
throughout the beach using machinery such as bulldozers and diggers.
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When the ‘dry’ method of transportation is carried out, the most common mode of
transport are trucks travelling by road. Alternatives to road are rail and if the source is
located in close proximity to the recharge location a conveyor system may be used. The
use of roads is the most common transport method as the trucks are physically able to
drive onto the beach and unload the recharge material onto the beach. As with the
‘hydraulic’ method machinery is required to spread the recharge material around the
beach. (Rogers, et al., 2010)

6.3 Groynes
Groynes are one example of a ‘hard' engineering solution to beach erosion.
Groynes are structures that are located on a beach perpendicular to the shoreline
(Fleming, 1990). They are narrow structures that stretch from the top of the beach to the
bottom of the beach. The purpose of these structures is to halt the movement of sand by
primarily longshore transport but also cross shore transport. Groynes work as a physical
barrier to the sand. When the sand is being transported along the beach by the waves or
by tidal action, the groynes are physically in the way and the sand builds up in front of
the groynes. The most common type of groynes used is straight but other types that exist
are zigzag shape, Y shape and T shape (Fleming, 1990).
The primary purpose of groynes is not to stop all the material from being
transported along the beach. The purpose is to stop a certain quantity of sand but allow a
sufficient quantity to travel down the beach to keep the whole beach healthy. This is very
difficult to design for as it is not easy to detennine how much sand should naturally be
transported along the beach to keep the whole beach healthy and how much should be
stopped by the groynes. It is very important that some sand is allowed to travel along the
beach otherwise some areas of the beach will have an abundance of sand and other areas
will be depleted of sand. (Fleming, 1990) There are situations where the objective of the
groynes is to totally stop the transport of sand. This type of groyne is called a terminal
groyne. A terminal groyne is located at the end of a beach and prevents the sand from
being lost into the area after the beach. This area could be an estuary or a harbour.
(Rogers, et al., 2010)
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A single groyne would not be constructed on a beach. There would be a number
of groynes implemented and they all work together to protect the sand from longshore
drift. The height, length and spacing on the groynes within the system are different for
each beach where they are implemented. Analysis is required to be carried out for each
individual beach protection project to find the suitable height, length and spacing of the
groynes. (Fleming, 1990)
Groynes can be constructed from a number of different types of materials. The
materials are timber, rock, concrete, steel and geotextiles. The material that is used for the
groyne system must be durable enough to withstand the forces of the waves and abrasion
due to the salt water and beach material. Timber was the most common material used in
the construction of groynes but the cost of the specific hardwood required has caused
other materials to be used in its place. (Fleming, 1990) When a large quantity of material
has built up in front of groynes it may be required to spread this material back onto the
total area of the beach. This would be an example of beach recharge without the necessity
of sourcing recharge material fonn another location.

6.4 Breakwater
A breakwater is structure that is constructed on the sea bed and may or may not be
visible above the water. In most cases though, they are visible above the water.
Breakwaters that are connected to the shore are primarily used in a harbour area to protect
a marina from the action of the incoming waves. However, for this project they will be
discussed regarding the protection they may provide to beaches against beach erosion.
One reason breakwaters are constructed is to halt the transport of sand along a beach
similarly to groynes. There would not be a system of breakwaters constructed but a single
areakwater may be used in a similar manner to a terminal groyne. The breakwater may
orevent the sand from being transported of the beach into an estuary or harbour. (Rogers,
it al., 2010) Breakwaters are primarily used to reduce the effect that waves have on the
Deach. When waves impact on the breakwater before they reach the beach, they will lose
some of their energy and may not transport as much material as they may have if the
breakwater wasn’t in place. Breakwaters can provide protection to a beach against
ongshore transport as well as cross shore transport. (Rogers, et al., 2010) Breakwaters
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can be constructed out of rubble mound rock or concrete. A larger volume of material is
required when rubble mound rock is used in order to ensure that the strength of the
breakwater is adequate.

6.5 Artificial Reef
This type of beach protection measure is located a relatively short distance
offshore but is not connected to the shore. It is similar to a regular breakwater in the
manner that it removes some of the energy from the incoming waves. When the waves
impact the reef they lose some of their energy that otherwise may have been used to
transport beach material when the waves arrive at the beach. This type of protection
measure may be submerged or protrude out of the water. When it is submerged it causes
the waves to break prematurely and lose some of their energy. When the artificial reef in
not submerged the waves impact the reef and may be reflected, diffracted or even lose all
of their energy. (Rogers, et al., 2010) The artificial reef may be constructed out of
concrete or rock. The reefs are not one continuous structure which runs the whole length
of the beach. There is a requirement that there are gaps in the reef to allow water to reach
the beach. The incoming waves may be a source of sediment for the beach and if this was
lost the beach may not have enough sand be used as a beach. The artificial reef would
consist of a number of separate structures rather than one continuous structure.

6.6 Seawall/Revetment
A seawall is located at the top of the beach and it is the last line of defence against
the high water level moving landward. Seawalls can be constructed out of number of
different materials, such as concrete, rock, steel and timber. The scale of the size of the
seawall varies from location to location. Some sea walls may be taller than 10m and
others may be approximately Im to 2m tall. Seawalls are generally located where the top
of the beach is a boundary for a property or a building. In this case the seawall provides
protection for the property against damage due to the wave or wind action. When the
waves impact on the seawall they will be reflected or they will lose their energy. If a
seawall was not in this location, the action of the waves may damage the top of the beach
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and remove any sediment that was located there. The seawall ensures that the boundaries
of the beach remain in place. (Rogers, et al., 2010) The seawall prevents the loss of sand
from the beach to a location behind the beach by means of cross shore transport. Due to
this there may be a build-up of sand at the toe of the wall. However, if waves reach the
seawall when the tide is in then there will be scouring of the sand at the toe of the seawall
rather than build-up. (Rogers, et al., 2010)
A revetment is similar to a breakwater in relation to the construction materials that
it can be made from which are rubble mound rock or concrete. The difference between a
breakwater and a revetment is that water is able to flow at the front as well as the back of
a breakwater but only at the front of a revetment. This is because the back of a revetment
is land. The purpose of the revetment is to resist the energy of the incoming waves and
protect the top of the beach from being eroded away.

6.7 Modification oj Existing Measures
Beach protection measures may have been implemented at a location in the past
but beach erosion may still be occurring. If this is the case then a redesign of the original
protection measures should be carried out to detennine if the original measures were
suitable to protect the beach from erosion. Some beach protection measures are required
to be maintained regularly. If beach replenishment is carried out it may be necessary to
carry out this process at regular intervals to ensure that the beach remains healthy. If
groynes have become damaged due the constant impact from waves they may need to be
repaired in order for them to give as much protection to the beach as possible. In order to
tackle beach erosion as some locations it may not be necessary to implement new
measures but modification of existing measures may suffice.
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7 Conclusion
In order to carry out the overall project, which is to classify beaches with regard
to their characteristics in order to determine the potential for erosion to occur as a result
of the state of those characteristics, knowledge was required on the subject matter. This
knowledge consisted of the characteristics that exist on a beach; how to measure the state
of each of those characteristics; the Irish Coastal Protection Strategy Study (ICPSS); the
information regarding beach erosion and the beach protection measures that can be put in
place to reduce the effects of beach erosion.
The most appropriate beach characteristics that were discovered from the review
of the relevant literature, to have the greatest influence on beach erosion were the soil
gradation and particle size of the sand; the slope of the beach; whether a sand bar and
vegetation exists on the beach; the wave height and the wave period of incoming waves at
the beach; the tide and the wind.
The means of measuring the soil gradation and particle size is to take soil samples
and carry out sieve analysis on them. The most suitable means of measuring the slope is
to use GPS equipment. The existence of a sand bar and vegetation can be found by visual
inspection. The wave height and waver period are recorded for offshore locations by
buoys and the equivalent near shore conditions can be detennined by computer software.
The height that the tide reaches can be found from published tide tables. The velocity and
direction of the offshore wind are recorded by the buoys but it is impossible to find the
equivalent near shore velocity and direction.
The work that has been carried out for the ICPSS with regard to coastal erosion
was described. After reviewing the most recent publications of the ICPSS, it was found
hat more emphasis has been put on coastal flooding rather than coastal erosion. This is as
1 result of the flooding events that have occurred and negatively affected a large number
)f people. It is the author's belief that as much emphasis and effort should be put into
:oastal erosion as coastal flooding. It may be easier to observe the effects of flooding
:ompared to the effects of erosion but the effects of erosion do exist and they can be very
lerious.
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The information regarding erosion was also described. The methods by which
sediment is transported; the different directions that sediment may be transported and the
causes and consequences of beach erosion were described in detail. The consequences
that were described reinforce the fact that work must be done to counteract beach erosion.
If work is not done there is the possibility to be large financial losses or even a danger to
humans may result. During the project development stage two beaches were chosen to be
surveyed during the project realisation stage of the thesis. These beaches are Inch Beach
and Youghal Beach. Inch Beach has a relatively small width but is quite long from top to
bottom. There are rocks and cliffs at either side of the beach. This beach was chosen to be
studied because from preliminary inspection the primary transport process that occurs is
cross shore transport with a small quantity longshore transport occurring due to the cliffs.
After canyung out a number of preliminary site visits it could be seen that the profile and
the soil at the top of the beach changes between each visit. Youghal Beach is a wider
beach compared to Inch Beach. It is believed that both cross shore transport as well as
longshore transport occurs at this beach. There are no cliffs to halt the transport of sand
along the beach. Beach protection measures were implemented at Youghal Beach a
number of years ago in an attempt to stop the effects of longshore drift. These measures
were a series of groynes. There also exists a seawall on a stretch of the beach that protects
houses from the effects of the waves. The groynes have become damaged and may not be
carrying out their intended function at the moment. This beach was chosen to be studied
in order to detennine if erosion is still occurring and to determine the future potential for
erosion if no protection measures are put in place and also if protection measures are put
in place.
All the beach protection measures that can be implemented in order to halt the
erosion of beaches were described. These measures are the planting of natural vegetation;
sand recharge; groynes; breakwater; artificial reef; seawall/revetment and modification of
existing measures. Each of these measures is suitable for different situations of beach
erosion. Careful analysis of erosion is required before a protection measure can be put in
place. It must be clear that the measure will protect the beach from erosion otherwise
there will be time and money wasted. A beach may require more than one protection
measure to halt the erosion. Careful design and analysis must be carried out if this is the
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case in order to determine how each of the erosion measure will interact or interfere with
the other protection measures.
The objective of this project is to eventually be able to determine the potential for
erosion of beaches around the Irish coast. It is believed that this is very important due to
the fact that if the potential for a beach to erode can be determined than the consequences
of beaeh erosion can be greatly reduced.
The information learned during the project development stage of the thesis is
relevant to the work that will be earned out during the project realisation stage of the
thesis. The physieal work that will be earned out in the next stage of the thesis may not
be possible if the theoretical background infonnation was not gathered and put in this
report.
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Project Realisation Methodology

Project Realisation Methodology
The purpose of completing a literature review for this thesis was to gather

information that will be used during the project realisation stage of the thesis project.
Some work for the project realisation stage was carried out during the project
development stage simultaneously while the literature review was being completed.
Soil samples have been taken at Inch Beach and Youghal Beach for the months of
February and March and will be taken in monthly intervals until July. The quantity of soil
sample to take and the locations to take the samples were known as a result of the
research earned out for the literature review. Particle size analysis using sieves as stated
in Chapter 3 is the most appropriate method of analysing the soil samples. This analysis
has not been carried out on any of the soil samples that have been taken to date. This
analysis will be carried out on each of the soil samples during the project realisation
stage. As a result of carrying out the beach surveys a data sheet check list will be
produced so that in future these beach characteristics can be surveyed with ease. This will
include all the safety requirements, the equipment required for the beach survey and a
check list of the work that has to be carried out in order to survey the beach adequately.
During the beach surveys in February and March the slope/profile of the beaches
were also be found using GPS equipment. It was possible to find the location of the
points that were surveyed during the February visit when the March visit was carried out.
This is one of the reasons that GPS was used to find the beach slop/profile. It will be
possible to find the location of these points again when each survey will be carried out
from April to July. There has only been a small quantity of analysis carried out on the
GPS data. The analysis was to make sure the data was adequate to use and that it was not
corrupted during the transfer from the GPS to a memory stick. The coordinates and data
will be analysed on Topcon Tools and using AutoCAD the slope/profile will be found
during the project realisation stage of the thesis.
The existence of a sand bar or sand bars and the existence of vegetation on each
of the beaches were also determined during the previous visits. These will also be carried
out during each of the visits from April to July. If a storm event occurs which does not
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coincide with a monthly visit, a visit will be earned out in order to determine the effeet
that the storm has on the beach characteristics.
The wave height and wave period reading at the offshore buoys surrounding
Ireland have been reeorded sinee January and will eontinued to be reeorded until July.
This information is readily available on the Met Eireann website. The MIKE 21 eomputer
software will be aequired and hopefully used to transfonn the recorded offshore wave
heights and wave periods into the equivalent wave heights and wave periods at Inch and
Youghal Beaches respeetively.
When the analysis of the beach characteristics has taken place it will be possible
to determine the different classes of beaches. The different elasses will cover all possible
beaches that exist. An erosion potential will then be allocated to eaeh of the classes with
regard to the state of their characteristics. When the erosion potential and the
charaeteristics are known it will be possible to recommend whether erosion protection
measures are required and if so whieh ones will protect the beach from erosion.
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Appendix C Wave Transformation Equations
The equation to transform the wave height from offshore to close to shallower waters is
H=Ks*KR+KD*KpKk*Ho (Harrington, 2009), where:
•

H= local wave height

•

Ks= shoaling coefficient

•

KR=refraction coefficient

•

KD=ciiffraction coefficient

•

K(=decay coefficient

•

Kk=coefficient due to other influences

•

Ho=deepwater wave height

Where:
Ks =

2nC

r

Where: Co is the Offshore Wave Celerity; C is hte Wave Celerity; g is
acceleration due to gracity and T is the Wave Period.
For deep water n=l/2, therefore: Ks=l.
For shallow water n=l.
'cosao
KR = I
\ cosal

Where: Uo is the angle between the wave crest and bottom contours offshore and
a2 is the angle between the wave crest and bottom contours near shore. It must be noted

that the bottom contours have to be parallel with the shore for this equation to be suitable.
H

Where: H is the local wave height and Hj is the incident wave height at the
obstruction in the way of the wave.
It may be conservatively assumed that Kf and Kk are both equal to 1. (Harrington,
2009)
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Appendix D - Longshore Transport Equation
The equation that is most commonly used to estimate the quantity of sediment
transported on a beach by longshore transport is as follows:
QLS =

KPsin(2a)
(ps - p) gps

(Harrington, Coastal Zone Processes (Class Notes), 2010)

Where:
Ols =

Volume of sediment transported (m^/s)

K = dimensionless coefficient which is a function of particle size
K = 0.39/0.35 for Sand
K = 0.04 for Shingle
P = Power of the Breaking Wave

P=

pgH - H C
8

5:nh (27r(^)

Where:
p = fluid density (1025 kg/in for coastal water)
g = acceleration due to gracity
H = Wave Height
c = wave celerity
d = depth of water
L = Wave Length

a = angle between wave front and shoreline
ps = Sediment Density (2650 kg/m^)
p = Fluid Density (1025 kg/m^)
ps = Sediment Porosity (0.3)
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Executive Summary
The aim of this project was to classify a number of Irish beaches as one of the
nine most common types of beaches, with respect to their characteristics so that the
potential for erosion to occur due to those characteristics could be determined. These
characteristics were the soil on the beach, the slope of the beach, whether a sand bar
exists, whether vegetation exists and the wave height and wave period of the approaching
waves.
Each of these characteristics were measured monthly from February to July
inclusive at Inch Beach and Youghal Beach. The data collected each month was analysed
in order to convert it into quantifiable values. As a result of the measured condition of
each characteristic. Inch and Youghal Beaches were classified as one of nine different
types of beaches. Inch Beach was classified as Beach Class 2 and Youghal Beach was
classified as Beach Class 7. An erosion potential calculation model was produced so that
the erosion potential of each Beach Class could be found. Beach Class 2 (Inch Beach)
had a value of 80.25 (extremely high level of erosion potential) and Beach Class 7 had a
value of 87.25 (extremely high level). The measured state of each characteristic of Inch
and Youghal Beaches were input into the model. The overall erosion potential value for
Inch Beach was 74.23 (very high level) Youghal Beach was 83.67 (extremely high level).
Due to these very high levels of erosion potential, beach protection measures were
suggested for each beach. The protection measures that were suggested for Inch Beach
were an artificial reef/submerged breakwater, sand replenishment with coarser material
than the existing material and the improvement of the level of vegetation along the top of
the beach. These measures were input into the calculation model and the subsequent
erosion potential value was 67.72 (high level level) which is a reduction of 8.77%. The
protection measures that were suggested for Youghal Beach were to introduce an
artificial reef/submerged breakwater; to improve the current groynes, implement a series
of new groynes in conjunction with sand replenishment and to plant natural vegetation in
places where none currently exist. When these measures were also input into the
calculation model there was a reduction in the erosion potential value of 9.6% to 75.64
(very high level).
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Abbreviations
m

Metre

mm

Millimetres

km

Kilometre

kg

Kilogram

GPS

Global Positioning System

H

Local Wave Height

Ho

Offshore Wave Height

T

Wave Period

DMS

Degrees Minutes Seconds
Degrees
Minutes
Seconds

GIS

Geographical Information System

%

Percentage

MHWS

Mean High Water Spring

EP

Erosion Potential

Veg

Vegetation

Seg

Segment

BC

Beach Class
Acceleration due to gravity
Offshore Wavelength
Local Wavelength

Co

Offshore Wave Celerity

C/C-

Local Wave Celerity

Ks

Shoaling Coefficient

Kr

Refraction Coefficient

Kd

Diffraction Coefficient

Kf

Decay Coefficient

Kk

Coefficient due to other influences
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1 Introduction
1.1 Background Information
Beach erosion is defined as the loss of sand from one location on a beach, where
the sand is either transported to another location on that beach or off the beach entirely or
where the high water level of the beach increases and land that is above the top of the
beach is transformed into the beach. This land may be farm land or part of a person's
property that can no longer be used for its primary purpose due to the transfonnation into
a beach. During the 1980s, there is the belief that between 130 and 160 hectares of Irish
coastline land was lost due to erosion. The rate of erosion is believed to occur at a rate of
between 0.2m/year and 1.6m/year. (Dept of Environment and Local Govt, 2001). If work
is not carried out the land above the beach at some locations around the Irish coastline
will be damaged beyond repair and lost to the beach.

1.2 Project Aim
The overall aim of this project was to set up a methodology in order to classify
Irish beaches to detennine whether they may be susceptible to the occurrence of erosion
and then apply this methodology to actual beaches. In order to fulfil this aim a number of
objectives were required to be completed. These objectives were to measure the onshore
and offshore characteristics of two beaches, then apply these to an erosion potential
methodology and suggest appropriate prevention measures to prevent the occurrence of
erosion at those beaches.
Beach erosion is overlooked and not regarded as important as coastal flooding
(RPS, 2010). This is due to the fact that the consequences of coastal flooding are much
more visible than the consequences of beach erosion. These consequences include
damage to property located in close proximity to a beach; loss of an amenity and tourism;
loss of flood protection and the occurrence of flooding and the destruction of wildlife
habitats (O' Connell, 2013). This project aims to assist people in determining the erosion
potential value of a beach so that beach protection measure can be implanted if necessary.
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L 3 Beaches A nalysed
There are many beaches around the Irish Coast but only two were analysed for
this project. These two beaches were Inch Beach and Youghal (Claycastle) Beach.
Surveys were carried out at these locations during February, March, April, May, June and
July. During each beach survey the onshore characteristics that were measured were the
particle size of the soil at the top, middle and the bottom of each beach; the profile/slope
at the left, middle and right of each beach; the existence of a sand bar at each beach and
the existence of vegetation at each beach. The offshore characteristics that were measured
were the wave height and the wave period of the incoming waves as well as the height
that the tide reaches.
During each visit soil samples were be collected to measure the soil particle size;
the surface of the beach was recorded using GPS equipment and the existence of a sand
bar and vegetation were detennined by visual inspection. The existence of a sand bar was
confinned using the surface profile of each beach created from the GPS data. The
offshore wave height and wave period were continuously measured and recorded on the
Kinsale Gas Terminal from January to July. These values were transfonned to equivalent
near shore values. The tide levels were acquired from published tide tables.
The soil samples were analysed by sieve analysis in accordance with BS 13772:1990 and a D50 value was found. The GPS data was manipulated using Topcon Tools
and then AutoCAD to find the profile and the slope of the beach. It was hoped that a
computer program that is specifically used to carry out wave transformations would be
used to transform the offshore data into near shore data for this project. Due to funding
issues this computer program was not able to be acquired. Therefore, an alternative hand
calculation method was used for this project to transfonn the waves.
Inch Beach and Youghal Beach were classified as one of nine beaches with
respect to their characteristics. The specific characteristics of these nine beaches were
established as a result of a study that was carried out in Britain in 2010. Out of a total of
92 beaches surveyed it was found that there were commonalities between nine distinct
types of beaches (Scott, Masselink, & Russell, 2011). Inch and Youghal Beach were
classified as one of these beaches due to the characteristics that were measured over the
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six month period. Inch Beach was classified as Beach Class 2 and Youghal Beach was
calculated as Beach Class 7.
In order to determine the erosion potential level of each Beach Class an erosion
potential calculation model was devised with respect to each of the beach characteristics.
An erosion potential value was applied to each characteristic with regard to how much it
causes or prevents erosion from occurring. The characteristics of each beach class were
applied to this calculation model to determine the level of erosion potential of each beach
class. Inch and Youghal Beaches were classed as one of these beaches types, so the
approximate erosion potential value and level of each beach was found. The
characteristics of each beach were also input into the erosion potential calculator to find
the specific value for each beach and establish if it confinns the erosion potential results
from the classification. It was discovered that Inch Beach had a very high level of erosion
potential and Youghal Beach had an extremely high level erosion potential value.
Therefore, beach protection measures were suggested for both beaches to reduce these
levels of erosion potential. These protection measures all had an effect on the
characteristics on each beach so the new conditions of the characteristics were input into
the calculation model. It was discovered that as a result of the protection measures the
erosion potential level of Inch Beach reduced from very high to high and the level of
Youghal Beach decreased from extremely high to very high.
As a result of this project, Irish beaches can be classified into one of a number of
beach types with respect to their characteristics which designates a level of erosion
potential and an approximate erosion potential value. The exact erosion potential value of
a beach can also be calculated once the condition of each characteristics is known.

1.4 Outline of Chapters
The procedure that was carried out to measure the surface of Inch and Youghal
Beaches and then convert this raw data into beach profiles will be described in this
Chapter 2 - Beach Profile/Slope. The slope of the beach was found from the profiles
and the slope results of the each survey will be included in this chapter. Chapter 3 - Soil
Particle Size Analysis will describe the collection of soil samples at Inch and Youghal
Beaches, the sieve analysis procedure that was carried out to analyse the soil samples and
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the appropriate results that were found from this analysis. Chapter 4 -Waves and Tide
will include the procedure of recording wave climate as well as tidal data. The procedure
for transforming offshore data to equivalent near shore data will be described and the
near shore values that were calculated will be stated in this chapter. Chapter 5 — Sand
Bar and Vegetation will include the procedure that was carried out to measure the
existence of a sand bar or sand bars on a beach and the existence and extent of vegetation
located at the top of the beach. The results of the surveys regarding sand bars and
vegetation will be included in this chapter. In Chapter 6 - Erosion Potential, the erosion
potential calculating system that was created will be described in detail. The erosion
potential values that were found for the nine Beach Classes as well as Inch and Youghal
Beaches with respect to their characteristics will be stated in this chapter. Chapter 7 Beach Protection Measures will include suggestions of measures that can be introduced
to reduce or prevent the likelihood of erosion occurring at the two beaches. The measures
will be specific to the state of the characteristics measured during the surveys. Chapter 8
— Conclusion will describe the conclusion to the overall project and state the
recommendations that were produced from the work carried out in this project.
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2

Beach Slope/Profile
In order to assess the dangers and risks of working at a beach and carrying out a

survey for this project, a method statement and risk assessment document was produced
to reduce the likelihood of an accident occurring or someone getting injured which can be
observed in Appendix A. Surveys were then carried out at Inch Beach and Youghal
Beach at monthly intervals from February 2013 through to July 2013 inclusive. During
each of these surveys GPS equipment was used to take readings of the surface of the
beach. These readings were taken from the top of the beach to the bottom, at the left,
middle and right of the beach. The left, middle and right of the beach were facing
downwards towards the water. The readings included the height of the surface of the
beach and the coordinates of each reading. The GPS data was exported from the data
logger in the fonn of a notepad document with all the point coordinates and heights
included which can be observed in Figure 2.1.
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f-ite

fcdit

f-ormat

.■■fev,

I

S ! " £5

Help

100, 609668. 5159 575806.4660, 61.2555 .A.
101, 609648. 5341 575790.0874, 61. 3145 .8,
102 , 609637. 2907 575821.0106, 61. 5831 .c.
103, 609660. 4749 575820.7817, 60.7811 .O.
104 ,
105,
106,
107,
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120,
121,
122 ,
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609706.
609716.
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609538.
609538.
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609 54 7.
609550.
609555.
609562.
609571.
609582.
609597.
609601.
609612.
609636.
609785.
609790.
609793.
609794.
609795.
609796.
609805.
609814.
609832.
609840.
609847.

7595
5426
8869
3715
4697
8258
6125
2061
2208
0678
5672
0139
1877
9721
6409
6295
7640
9922
7477
0861
1624
1754
7713
1004
7964
5069
6426
5656
7855
7631
544 7
6504
5160
5195
2012
6940
4052
6738
1028

575786.8043,
575782.7751,
575778.0277,
575775. 6231,
575773.9981,
575770.6118,
575765.5087,
575759.6838,
575749. 8513,
575743. 3379,
575731.8400,
575717.1681,
575703.2160,
575689.8203,
575684.2513,
575684.2717,
575680.9795,
575675.6983,
575673.8281,
575670.9357,
575664.8679,
575656.6928,
575646.1582,
575635.1455,
575617.6899,
575605.6020,
575592.7494,
575572.1228,
575882.6284,
575875.8365,
575872.0612,
575870.7209,
575869.4246,
575867.1329,
575854.4958,
575839.4571,
575818.2048,
575809.1690,
575801.0679,

59.9879 .MIDDLE.
59.1509 .MIDDLE,
58.8557 .MIDDLE,
58. 8598 .MIDDLE,
58. 8475 .MIDDLE,
58. 8168 .MIDDLE.
58. 2766 .MIDDLE,
57. 7248 .MIDDLE,
57.0509 .MIDDLE,
56.7740 .MIDDLE,
56.3621 .MIDDLE.
55.9855 .MIDDLE,
55.4081 .MIDDLE.
54.9584 .MIDDLE,
59.5686 .RIGHT,
59.5729 .RIGHT,
59. 2256 .RIGHT,
59.0289 .RIGHT,
58.9475 .RIGHT,
58.7307 .RIGHT,
58.0063 .RIGHT,
57.1621 .RIGHT,
56.5101 .RIGHT,
56.3420 .RIGHT,
55.9193 .RIGHT,
55.6344 .RIGHT.
55. 2479 .RIGHT,
54.9685 .RIGHT,
60.4082 .LEFT,
59.0015 .LEFT.
58.5878 .LEFT,
58.4665 .LEFT,
58.3765 .LEFT,
58. 2564 .LEFT,
57.4988 .LEFT,
56.6803 .LEFT,
55.7561 .LEFT,
55.1224 .LEFT,
54.9766 .LEFT,

Figure 2.1 Typical GPS Data Notepad Document
This document was then imported into Topcon Tools. In Topcon Tools, checks
were carried out in order to ensure that each point had the correct code and that each of
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the three profiles (right, middle and left) was in the form of a line rather than a series of
points. Figure 2.2 and Figure 2.3 show the same points without and with a line attached to
the profile points.

■
•,

,

100
. 103

101
. 102

Figure 2.3 Topcon Tools - Points without Profile Line
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. 11,
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Figure 2.4 Topcon Tools - Points with Profile Line
It is important that each of the points on a line have the same code so that they can
be dentified. When the data was suitable it was exported in the fonn of an AutoCAD file.
In he AutoCAD file the profile lines were in plan view with the height of each point
locited at the point which can be observed in Figure 2.5.
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Figure 2.5 AutoCAD - Plan View of Profile Line and Heights
Each of the profile lines was rotated horizontally so that the point at the top of the
beach was at the left of the line. A horizontal line was drawn from this point to the end of
the profile line. Vertical lines were drawn along the profile line at each of the GPS points.
Using the difference between the height of the first GPS point and each of the other
points the first horizontal line was offset. The points of intersection between the vertical
lines and the offset lines were then connection to give the profile line of the beach. The
rotated profile line, the vertical lines and the offset lines can be observed in Figure 2.6
and 2.7. The beach profile line can be observed as the blue line in the Figure 2.7. Axes
were then applied to the beach profile to show the height variation of the profile as well
as the length of the beach. This can also be observed in Figure 2.8.

Figure 2.6 Creating the Beach Profile Line
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Figure 2.7 Creating the Beach Profile Line

Figure 2.8 Beach Profile

2.1 Inch Beach
2.1.1

Profiles and Slopes
Profiles of the far left, the middle and the far right of Inch Beach were created

from the infonnation collected during the surveys in February, March, May, June and
July. These locations on Inch Beach can be observed in Figure 2.9.

Figure 2.9 Inch Beach GPS Reading Locations

Aidan O' Connell

M. Eng. in Civil Engineering

Classifications of Irish Beaches to
Determine their Potential for Erosion

Beach Slope/Profile

The GPS readings of the April survey were corrupted during the transfer from the
GPS data logger to a memory stick so the reliability of the results was brought into
question and therefore not used in this project. The profile created of the middle of Inch
during the February survey can be seen in Figure 2.10. The profiles of Inch Beach that
vere created from the data collected from February to July can be observed in Appendix
3. The mean high water spring (MHWS) height can be observed in Figure 2.10 as the
green line. The MHWS is important because it is the level of the high tide. The water
only reaches above this level when there is a storm event or unusual wave heights.

Figure 2.10 Inch Beach 13/2/13 Middle Profile
From the beach profiles that were created the important value to detennine is the
slope of the beach surface at the MHWS level. The slope was found for each of the
profiles created which can be observed in Table 2.1.
"'able 2.1 Inch Beach MHWS Slopes
Date

Left

Middle

Right

Location

Location

Location

.3/2/13

3°

6"

5"

6/3/13

4°

4°

5°

25/4/13

N/A

N/A

N/A

:-0/5/13

4°

4°

5°

26/6/13

4°

4°

4°

26/7/13

5°

5^’

5"

It can be observed from Table 2.1 that the slope of the left profile at the mean
ligh water spring of Inch beach changes from 3“ in February to 5° in July. This indicates
tiat sand has been transported above the MHWS level at this side of the beach from
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February to July. The slopes of the profile down the middle changed from 6° to 5° which
indicates that sand was transported below the MHWS level rather than above it. In order
to compare the changes in the heights of the surface of Inch Beach from February to July,
the heights of the middle profile at 5m, 10m, 15m, 20m, 25m, 30m, 50m and 100 and
150m from the top of the beach for each of the months can be observed in Table 2.3.
The largest change in height of the surface of the beach was found to be at 5m
from the top of the beach. This shows that the greatest movement of sand is occurring
above the high water mean spring level. The particle size of the sand at the top of the
beach during each survey was found to be greater than at the middle and bottom, this can
be observed in Chapter 3. The facts that the greatest movement of sand occurs at the top
and that the largest soil is at the top shows that the wave’s energy is greatest at the top.
The sand at the top of the beach is transported at a greater rate because it is not
compacted as much as the sand at the middle and the bottom of the beach. This sand
spends more time under the water and is compacted by this water. On a dry day the sand
at the middle and the bottom also have higher moisture contents than the sand at the top
and this increases the mass of the soil which makes it more difficult to transport. The
moisture contents of each soil sample collected can be seen in Table 2.2. These moisture
contents were calculated from the soil samples that were collected which will be
described in Chapter 3.
Table 2.2 Inch Beach Soil Sample Moisture Contents
Month

Top

Middle

Bottom

Location

Location

Location

Feb

8%

22%

22%

Mar

11%

21%

22%

Apr

5%

23%

21%

May

5%

23%

25%

Jun

4%

22%

25%

Jul

6%

24%

23%
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The movement of sand occurs at a lower quantity towards the bottom of the
beach. Sand was being transported and lost from the top of the beach at a higher rate
compared to at the bottom of the beach. It can be observed that cross shore transport
occurred at Inch Beach, because from February to March the height at 5m decreased but
the height at 100m increases, this shows that sand was transported away from the top of
the beach to further down the beach. This movement of sand is illustrated in Figure 2.11.
From March to May the heights at 10m and 15m decreased and then increased at 20m,
25m and 30m which shows that sand was transported from the top of the beach further
down the beach.
Table 2.3 Inch Beach Middle Profile Heights
5m

10m

15m

20m

25m

30m

50m

100m

150m

Feb

4.78m

4.29m

3.95m

3.56m

3.36m

3.08m

2.36m

1.56m

0.98m

Mar

4.56m

4.18m

3.84m

3.53m

3.23m

3.01m

2.42m

1.66m

0.97m

Apr

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

May

4.56m

4.13m

3.79m

3.56m

3.33m

3.07m

2.44m

1.51m

0.96m

Jun

4.86m

4.3m

3.92m

3.56m

3.33m

3.07m

2.45m

1.56m

1.05m

Jul

4.74m

4.13m

3.71m

3.45m

3.21m

3.05m

2.35m

1.56m

0.92m

Max

0.3m

0.17m

0.24m

0.11m

0.15m

0.07m

0.1m

0.15m

0.13m

Change

Figure 2.11 Inch Cross Shore Transport (Feb - March)
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In order to detemiine if longshore transport occurred at Inch Beach the heights of
the left, middle and right profiles at 15m from the top of the beach for each month will be
compared; these values can be observed in Table 2.4. The height of the sand at the left
profile and the middle profile decreased by 0.87m and 0.1 Im respectively from February
to March and simultaneously the height of the right profile increased by 0.12m. This
shows that some sand was transported from the left hand side and the middle of the beach
to the right hand side of the beach. This movement of sand is illustrated in Figure 2.12.

Figure 2.12 Inch Beach Longshore Transport
Between May and June the height of the left profile decreased by 0.1m while the
middle profile and the right profile both increased in height which shows that sand was
transported away from the left side of the beach to the middle and right side during this
period of time.
Table 2.4 Inch Beach Left, Middle and Right Profile Heights
Month

Left Profile

Middle Profile

Right Profile

(at 15m)

(at 15m)

(at 15m)

Feb

3.98m

3.95m

3.72m

Mar

3.11m

3.84m

3.84m

Apr

N/A

N/A

N/A

May

3.66m

3.79m

3.89m

Jun

3.56m

3.92m

3.98m

Jul

3.68m

3.71m

3.97m
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2.2 Youghal Beach
Monthly beach surveys were also carried out at Youghal Beach from February
2013 to July 2013 inclusive. GPS equipment was used to take readings of the surface
from the top of the beach to the bottom of the beach. Youghal Beach is a wider beach
than Inch Beach so it was not possible to take readings at the far left and far right of the
beach. Three profile readings were taken along the Claycastle stretch of the beach. The
distance between the left profile and the middle profile was 166 m and the distance
between the middle profile and the right profile was 152 m. Profiles were created using
the same procedure as with Inch Beach using Topcon Tools and AutoCAD. The middle
profile produced from the data collected on the 25*'^ of February 2013 can be seen in
Figure 2.13. The remaining surface profiles produced of Youghal Beach can be observed
in Appendix C. The mean high water spring level can be observed in this figure as the
green line. The slope of the beach profile at the mean high water spring was found to be
3” which can be observed in Figure 2.14.

Figure 2.13 Youghal Beach 25/2/13 Middle Profile

Figure 2.14 Youghal Beach 25/2/13 Middle Slope
The slopes at the mean high water spring level of each of the profiles can be
observed in Table 2.5. The slope of the left profile at the mean high water spring level
redaces from 5" in February to 4° in March and April and reduces to 3” for the remaining
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three months of the survey. As the slope of the beach at this important location changes
the erosion potential of the beach due to the slope also changes slightly. The greater the
slope, theoretically less beach erosion occurs because the waves are reflected back out
against the incoming waves (Scott, Masselink, & Russell, 2011), but then also the smaller
the slope the more erosion will occur. So when the slope changed from 5° to 3” the
erosion potential is increased slightly. The greatest change in the slope of the middle
profile was found to be 2° as the slope was 3° in April and increased to 5° in July. The
difference between the minimum and maximum slope of the right profile at the mean
high water spring level was also found to be 3°. The slope was 2° in February and
increased to 5^^ in May, June and July.
Table 2.5 Youghal Beach MHWS Slopes
Left

Middle

Right

Location

Location

Location

25/2/13

5"

4«

18/3/13

40

3"
40

28/4/13

4"

3"

3"

31/5/13

3"

40

5^^

28/6/13

3"

40

5°

28/7/13

3°

5"

5°

Date

40

The comparison in heights of the middle profile of Youghal Beach for each month
from 5m to 150m from the top of the beach can be observed in Table 2.6. In March and
July it was not possible to take readings beyond 103m and 119m respectively due to the
height of the tide. It can be observed that some cross shore transport occurred between
March and April as the heights at 5m, 10m, 15m, 20m, 25m and 30m decreased but the
heights at 50m and 100m increased. This shows that sand was transported from the lower
parts of the beach to the upper parts of the beach. This transport of sand coincides with a
decrease in the particle size of the sand at the bottom of the beach. The D50 value
decreases from 0.264mm to 0.159 from the March to April.
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Between the months of May and June, each of the heights down the profile of the
beach increased with the exception of 100m, which remained the same. This shows that
during this time period of time, sand was transported to this profile from another location,
rather than from the top of bottom of the same profile. The opposite occurred from June
to July, where each of the heights of the middle profile decreased which shows that sand
was removed from this profile to another location on the beach rather than to another
location on the same profile.
Table 2.6 Youghal Beach Middle Profile Heights
5m

10m

15m

20m

25m

30m

50m

100m

150m

Feb

5.53m

5.15m

4.93m

4.28m

3.82m

3.41m

2.54m

1.46m

0.83m

Mar

5.4m

4.78m

4.35m

4.22m

4.18m

3.86m

2.26m

1.32m

N/A

Apr

5.2m

4.63m

4.33m

4.08m

3.77m

3.49m

2.69m

1.52m

0.65m

May

4.98m

4.57m

4.48m

4.45m

4.17m

3.77m

2.33m

1.42m

0.53m

Jun

5.15m

4.7m

4.62m

4.59m

4.22m

3.86m

2.42m

1.42m

0.56m

Jul

4.8m

4.43m

4.41m

4.24m

3.82m

3.45m

2.35m

1.08m

N/A

Max

0.6m

0.57m

0.29m

0.68m

0.65m

0.63m

0.43m

0.44m

0.14m

Change

The difference between the heights of the left profile and the middle profile for
each month can be observed in Figure 2.15 and Figure 2.16 respectively. The equivalent
legend to link the different colour lines to the months can be observed in Figure 2.17.
These profiles are worth noting as it can clearly be observed that there is a change in the
profile of the beach from February to July. In Figure 2.15 the changes in the beach
profiles predominantly occur from the top of the beach (Om) to 15m where each months
profile becomes similar. In this figure it can be observed that the beach profile at 13.6m
from the top of the beach changes from a height of 4.04m in February to 3.35m in April
which is a reduction of 0.69m. The March profile reduces significantly compared to the
other months also. At 9.06m the height of the profile is 3.16m, which is 0.45m below the
next profile line of May. In Figure 2.16 there are no such variations in the profiles. None
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of the profile lines are identical but there are some variations which indicate that there is
transport of sand but it is not as considerable as shown in Figure 2.15 of the left profiles.

Figure 2.15 Youghal Beach Left Profiles

Figure 2.16 Youghal Beach Middle Profiles

io

Figure 2.17 Legend Profiles and Dates
In order to determine if longshore transport occurred at Youghal Beach the
heights of the left, middle and right profiles at a distance of 20m from the top of the
beach for each month were compared; these values can be observed in Table 2.7. During
each of the time intervals the left, middle and the right profile all either increase or
decrease. Between February and March, April and May, and May and June the heights of
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the three profiles increased, but between March and April and June and July the height of
the three profiles decreased. However, the increases and decreases during the time
intervals were not unifonn over the three profiles. The variation in the increases and
decreases show that longshore drift occurred. There was an increase in height of 0.18m
on the left profile, 0.31m on the middle profile and 0.39m on the right profile from
February to March. The greater increase at the right profile indicates that more soil was
transported to the right of the surveyed area than to the left and the middle locations.
Between March and April there was a decrease in height of 0.14m on the left profile,
0.14m on the middle profile and 0.02m on the right profile, fhese values show that the
least amount of soil was transported from the right profile compared to the middle and the
left profiles.
Table 2.7 Youghal Beach Left and Right Profile Heights
Month

Left Profile

Middle Profile

Right Profile

(at 20m)

(at 20m)

(at 20m)

Feb

3.91m

3.91m

3.83m

Mar

4.09m

4.22m

4.22m

Apr

3.95m

4.08m

4.2m

May

3.97m

4.45m

4.28m

Jun

4.08m

4.59m

4.3m

Jul

3.97m

4.24m

4.28m

The total length of the beach at Youghal is approximately 4000m and the length
of beach associated with this survey is only 318m. It is possible that a large amount of
soil is constantly being transported by longshore drift over the entire length of this beach
but as the total length of this survey is 318m the longshore drift is not being recorded.
The contrast between the entire length of Youghal Beach and the section surveyed by
GPS for this project can be observed in Figure 2.18.
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Figure 2.18 Length of Survey at Youghal Beach

2.3 Conclusion
The main results stated in this chapter were the slopes of the Inch and Youghal
Beaches and whether cross shore and longshore transport occurred at these beaches
during the time of the surveys. The slopes found from the profiles created of Inch Beach
and Youghal Beach can be observed in Table 2.8 and Table 2.9 respectively.
It was established from the data recorded that both cross shore and longshore
transport occurred at Inch Beach and Youghal Beach during the time of the survey. At
Inch Beach sand was transported from the top to the bottom of the beach between
February and March and from the top to 30m from the top between March and May. Sand
was also transported from the left to the right of the beach between February and March
and also between May and June.
Between March and April sand was transported from the bottom to the top of
Youghal Beach. Sand was also transported from the left to the right of this beach between
February and March. Sand was then transported from the right to the middle and the left
between March and April. From the analysis of the surface profiles it was found that
there was sand movement throughout both beaches during the time period of the surveys.
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Table 2.8 Inch Beach MHWS Slopes
Date

Left

Middle

Right

Location

Location

Location

13/2/13

3^’

6°

5"

16/3/13

40

40

5"

25/4/13

N/A

N/A

N/A

30/5/13

40

40

5"

26/6/13

40

40

40

26/7/13

5°

5°

5*^

Table 2.5 Youghal Beach MHWS Slopes
Left

Middle

Right

Location

Location

Location

25/2/13

5°

3°

40

18/3/13

4°

4«

40

28/4/13

4"

3"

3^^

31/5/13

3"

4«

5"

28/6/13

3"

4«

5"

28/7/13

3°

5"

5“

Date
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Soil Particle Size Analysis
During the surveys of Inch Beach and Youghal Beach, as well as the GPS

readings soil samples were also collected. The samples were collected at the top, the
middle and bottom of each beach. In order to ensure that any danger or risk was
minimised a method statement and risk assessment document was created to identify and
assess the risks of taking soil samples at a beach. The method statement and risk
assessment document for the collection of soil samples can be observed in Appendix A.
A total of thirty six samples were collected - eighteen from each beach. These
samples were then analysed in the soils laboratory at Cork Institute of Technology. A
method statement and risk assessment document was also created to identify and assess
fie risks associated with drying and sieving the soil samples in the heavy structures
laboratory at Cork Institute of Technology. This document can be observed in Appendix
D. Each of the samples were weighed and then dried in an oven at 100”C as shown in
Figure 3.1.

Figure 3.1 Soil Samples Oven
When the samples were dried they were weighed again. The dry weight of the soil
i> an important value so that the moisture content of the soil could be found. The sieves
tiat were required in accordance with BS 1377-2:1990 can be observed in Table 3.1.
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These sieves were stacked on top of each other from smallest at the bottom to largest at
the top. The soil was poured into the stack of sieves from the top. The stack of sieves was
then placed in a sieving machine. This machine shakes the sieves and soil sample for 10
minutes in order to ensure that the soil passes through each of the sieves until it is
retained in the appropriate one. The stack of sieves in the sieving machine can be
observed in Figure 3.2.
Table 3.1 Sieve Sizes
Sieve

Size in mm

Sieve

Size in mm

50mm

50

2.36mm

2.36

37.5mm

37.5

1.18mm

1.18

28 mm

28

600pm

0.6

20mm

20

425pm

0.425

14mm

14

300pm

0.3

10mm

10

212pm

0.212

6.3 mm

6.3

150pm

0.15

5 mm

5

63 pm

0.063

3.35mm

3.35

Figure 3.2 Sieves and Sieving Machine
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When the sieving machine was finished the soil in each of the sieves was
weighed. Prior to placing the soil sample into the stack of sieves, each weight of each
sieve was measured and recorded. The weight of the soil retained in each sieve was
calculated by subtracting the weight of the empty sieve from the weight of the sieve and
the soil retained in that sieve. The weighing of a sieve and the soil retained in that sieve
can be seen in Figure 3.3.

Figure 3.3 Weighing of Sieve and Retained Soil
The classification of the soil type with regard its particle size is divided up into
clay, silt, sand, gravel and cobble as shown in Table 3.2 (Rogers, et al., 2010).
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Table 3.2 Soil Types and Particle Sizes (Rogers, et al., 2010)
Soil Name

Particle Soil Size (mm)

Clay

< 0.002

Silt

Sand

Gravel

Fine

0.002-0.006

Medium

0.006-0.02

Coarse

0.02-0.06

Fine

0.06-0.2

Medium

0.2-0.6

Coarse

0.6-2.0

Fine

2.0-6.0

Medium

6.0 - 20.0

Coarse

20.0-60.0

Cobble

>60.0

3.1 Inch Beach
Soil samples were collected from Inch Beach from February to July inclusive at
the top, middle and bottom of the beach. These locations can be observed in Figure 3.4
(Google, 2010).

Top Collection
Location
Middle Collection
Location

Bottom Collection
Location
Figure 3.4 Inch Beach Soil Sample Collection Locations
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The soil that was collected during each beach survey was passed through the
relevant sieves. The cumulative percentage passing and the percentage of soil that
remained in each sieve was then found. The data inputs that were required to determine
the cumulative percentage passing and the percentage retained in each sieve can be
observed in Table 3.3. This table refers to the sample taken at the bottom of Inch Beach
on the 13''^ of February 2013 but the sieve analysis results from all of the soil samples
collected at Inch Beach can be observed in Appendix E.
Table 3.3 Inch Beach 13/2/13 Bottom Sieve Analysis
Sieve
Sieve

Soil

Mass

Sieve + Mass

Cumulative

%

Name

Size

Unit

(kg)

Soil (kg)

(kg)

% Passing

Retained

50mm

50

mm

1.970

1.970

0.000

100.00%

0.00%

37.5mm

37.5

mm

1.600

1.600

0.000

100.00%

0.00%

28mm

28

mm

1.473

1.473

0.000

100.00%

0.00%

20mm

20

mm

1.240

1.240

0.000

100.00%

0.00%

14mm

14

mm

1.392

1.392

0.000

100.00%

0.00%

10mm

10

mm

1.429

1.432

0.003

99.69%

0.31%

6.3mm

6.3

mm

1.519

1.524

0.005

99.19%

0.51%

5 mm

5

mm

1.149

1.151

0.002

98.98%

0.20%

3.35mm

3.55

mm

1.132

1.134

0.002

98.78%

0.20%

2.36mm

2.36

mm

1.074

1.076

0.002

98.58%

0.20%

1.18mm

1.18

mm

0.970

0.981

0.011

97.46%

1.12%

600 pm

0.6

mm

0.866

0.906

0.040

93.39%

4.07%

425pm

0.425

mm

0.809

0.892

0.083

84.94%

8.44%

300pm

0.3

mm

0.796

0.979

0.183

66.33%

18.62%

212pm

0.212

mm

0.831

1.141

0.310

34.79%

31.54%

150pm

0.15

mm

0.818

1.108

0.290

5.29%

29.50%

63pm

0.063

mm

0.783

0.829

0.046

0.61%

4.68%

0.878

0.884

0.006

0.00%

0.61%

Tray (T8)

1= 0.983
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From these results a partiele size distribution chart was created. The chart plots
the percentage cumulative passing against a log scale of the particle size in mm as shown
in Figure 3.5. This is the equivalent particle size distribution chart to the information
given in Table 3.3. The particle size distribution chart is used to find the D50 value of the
soil sample. The D50 value is the particle size that corresponds to the cumulative
percentage passing of 50%.
Inch 13,2,13 BOTTOM

Figure 3.5 Inch 13/2/13 Bottom Particle Size Distribution Chart
An alternative method of calculating the D50 value is to interpolate between the
cumulative percentage passing value above 50% and the cumulative percentage passing
value below % in the table above. The interpolation method is more accurate as slight
errors may occur when taking a reading from a log curve. An exact value is calculated as
a result of the interpolation method.
3.1.1

Inch Beach D50 Values
The interpolation method was carried out instead of using the particle size

distribution chart as it is a more accurate way of finding the D50 value. This method was
used and a D50 value of 0.254 mm was calculated for the soil sample collected at the
bottom of Inch Beach on the 13/2/13. The D50 values that were calculated for the
remaining samples that were collected at Inch Beach from February to July inclusive can
be seen in Table 3.4. It can be observed from this table that the calculated D50 value for
sample collected at the top of Inch in February is 0.748 mm. The D50 values of the middle
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and the bottom samples reduce to 0.242 mm and 0.254 mm respectively. This shows that
the soil at the top of the beach is coarser than the soil at the middle and bottom of the
beach. This is due to the fact that more wave action and water movement occurs at the
middle and the bottom of the beach compared to at the top of the beach. The soil is finer
due to the increased level of abrasion that occurs due to the water movement. The D50
value of the middle sample is 0.012 mm greater than the bottom sample, it would be
presumed that the bottom sample would be a smaller D50 value but the difference of
0.012 mm is so small it is insignificant. From the information given in Table 3.2 the soil
collected at the top if Inch Beach is coarse sand. The classification of each of the other
soil samples collected can be observed in Table 3.4. The majority of the soil samples
collected were found to be medium sand.
The deposition of sand from the top to the bottom of Inch Beach between
February and March that was established in Chapter 2, coincides with the decrease
increase in D50 value at the top and the increase in D50 value at the bottom. This shows
that some of the coarser sand was transported from the top to the bottom of the beach.
Table 3.4 Inch Beach Dsn Values
Date

Top Location

Middle Location

Bottom Location

13/2/13

0.748mm (Coarse)

0.242mm (Medium)

0.254mm (Medium)

16/3/13

0.311 mm (Medium)

0.260mm (Medium)

0.290mm (Medium)

25/4/13

0.304mm (Medium)

0.212mm (Medium)

0.204mm (Medium)

30/5/13

0.345mm (Medium)

0.285mm (Medium)

0.285mm (Medium)

26/6/13

0.259mm (Medium)

0.279mm (Medium)

0.251mm (Medium)

26/7/13

0.274mm (Medium)

0.270mm (Medium)

0.288mm (Medium)
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3.2 Youghai Beach
During each monthly survey of Youghai Beach soil samples were also collected at
the top, middle and bottom of the beach. These locations can be observed in Figure 3.6.

Middle
Collection
Location
Bottom
Collection
Location
Figure 3.6 Youghai Beach Soil Sample Collection Locations
The samples collected at Youghai Beach were dried and sieved using the same
method that was explained in detail for the samples collected at Inch Beach. From the
sieve analysis the cumulative percentage passing and the percentage retained at each
sieve was calculated. The inputs and the calculated cumulative percentage passing and
the percentage retained for each sieve for the soil sample collected at the top of Youghai
Beach during the February survey can be observed in Table 3.5. The sieve analysis of all
the soil samples collected at Youghai Beach can be observed in Appendix F.
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Table 3.5 Youghal Beach 25/2/13 Top Sieve Analysis
Sieve
Sieve

Soil

Mass

Sieve + Mass

Cumulative

0/
/o

Name

Size

Unit

(kg)

Soil (kg)

(kg)

% Passing

Retained

50mm

50

mm

1.970

1.970

0.000

100.00%

0.00%

37.5mm

37.5

mm

1.600

1.600

0.000

100.00%

0.00%

28mm

28

mm

1.473

1.473

0.000

100.00%

0.00%

20mm

20

mm

1.240

1.240

0.000

100.00%

0.00%

14mm

14

mm

1.392

1.408

0.016

98.94%

1.06%

10mm

10

mm

1.429

1.441

0.012

98.14%

0.80%

6.3mm

6.3

mm

1.519

1.536

0.017

97.01%

1.13%

5 mm

5

mm

1.149

1.163

0.014

96.08%

0.93%

3.35mm

3.35

mm

1.132

1.156

0.024

94.48%

1.60%

2.36mm

2.36

mm

1.074

1.080

0.006

94.08%

0.40%

1.18mm

1.18

mm

0.970

1.051

0.081

88.70%

5.39%

600 pm

0.6

mm

0.870

1.001

0.131

79.99%

8.71%

425prn

0.425

mm

0.817

1.150

0.333

57.85%

22.14%

300pm

0.3

mm

0.803

1.307

0.504

24.34%

33.51%

212pm

0.212

mm

0.837

1.150

0.313

3.52%

20.81%

1 50pm

0.15

mm

0.823

0.874

0.051

0.13%

3.39%

63 pm

0.063

mm

0.783

0.784

0.001

0.07%

0.07%

0.878

0.879

0.001

0.00%

0.07%

Tray (T8)

V=:

1.504

From the values calculated in this table a particle size distribution chart was
produced which can be observed in Figure 3.7. It is possible to find the D50 value for this
soil sample from the chart but it can also be found by interpolation. When the
interpolation method was used the value calculated was 0.396mm. Which is consistent
with the value found using Figure 3.7. The D50 values that were calculated for each of the
other soil samples collected can be observed in Table 3.6.
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Youghal 25,2,13 TOP

Particle Site (mm|

Figure 3.7 Youghal Beach 25/2/13 Top Particle Size Distribution Chart
Table 3.6 Youghal Beach D50 Values
Date

Top Location

Middle Location

Bottom Location

25/2/13

0.396mm (Medium)

0.262mm (Medium)

0.296mm (Medium)

18/3/13

0.395mm (Medium)

0.274mm (Medium)

0.264mm (Medium)

28/4/13

0.442mm (Medium)

0.299mm (Medium)

0.159mm (Fine)

31/5/13

0.470mm (Medium)

0.281mm (Medium)

0.263mm (Medium)

28/6/13

0.395mm (Medium)

0.253mm (Medium)

0.193mm (Fine)

28/7/13

0.454mm (Medium)

0.483mm (Medium)

0.269mm (Medium)

3.3 Conclusion
The D50 values of Inch and Youghal Beaches were compared and it was found
that the majority of soil samples from both beaches were medium sand. The main
difference between the soil collected was that the soil collected at the bottom of Youghal
Beach in April and June was fine sand whereas it was medium sand in Inch. The D50
value of the soil collected at the top of Inch Beach reduced from 0.748mm in February to
0.274mm in July whereas the D50 value of the soil collected at the top of Youghal Beach
remained between 0.395mm and 0.470mm throughout this time.

Aidan O' Connell

M. Eng. in Civil Engineering

29

Classifications of Irish Beaches to
Determine their Potential for Erosion

Soil Particle Size Analysis

The important values that were established from this chapter were the D50 values
of each soil sample collected from Inch and Youghal Beaches. These values can be
observed in Table 3.7 and Table 3.8.
Table 3.7 Inch Beach D50 Values
Date

Top Location

Middle Location

Bottom Location

13/2/13

0.748mm (Coarse)

0.242mm (Medium)

0.254mm (Medium)

16/3/13

0.311mm (Medium)

0.260mm (Medium)

0.290mm (Medium)

25/4/13

0.304mm (Medium)

0.212mm (Medium)

0.204mm (Medium)

30/5/13

0.345mm (Medium)

0.285mm (Medium)

0.285mm (Medium)

26/6/13

0.259mm (Medium)

0.279mm (Medium)

0.251mm (Medium)

26/7/13

0.274mm (Medium)

0.270mm (Medium)

0.288mm (Medium)

Table 3.8 Youghal Beach D50 Values
Date

Top Location

Middle Location

Bottom Location

25/2/13

0.396mm (Medium)

0.262mm (Medium)

0.296mm (Medium)

18/3/13

0.395nim (Medium)

0.274mm (Medium)

0.264mm (Medium)

28/4/13

0.442mm (Medium)

0.299mm (Medium)

0.159mm (Fine)

31/5/13

0.470mm (Medium)

0.281mm (Medium)

0.263mm (Medium)

28/6/13

0.395mm (Medium)

0.253mm (Medium)

0.193mm (Fine)

28/7/13

0.454mm (Medium)

0.483mm (Medium)

0.269mm (Medium)
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4 Waves and Tide
The movement of water and the level that the water reaches has a significant
bearing on whether beach erosion occurs. When there is more energy in the waves, they
have more power to transport soil and alter the profile of the beach. The quantity of
energy in the waves is directly proportional to the wave height (Harrington, 2009), so the
greater the wave height the greater the wave energy. The wave period is defined as the
time required for two successive wave crests to pass a certain point (Harrington, 2009).
Therefore, the less the wave period the less time it will take two wave crests to pass a
cenain point. This means that more waves will approach a beach over a specific period of
time when the wave period is less.
The level of the high tide increases due to sea level rise as well as the increase in
the number of stonns occurring (ESQ Consulting, 2013). It is possible for the water to
transport soil as far as the high tide reaches which is gradually becoming higher up the
beach due to this increase in the high tide level. The top of the beach would gradually
move back onto the land behind the beach. This is problematic as farmland and people’s
property may be damaged or buildings may be compromised structurally.
There are wave buoys located around the Irish Coast continuously measuring
pressure, wind direction, wind speed, temperature, wave period and wave height at that
location. The information that is pertinent to this project is the wave period and wave
height. The most appropriate wave measuring location with regard to Inch Beach and
Youghal Beach is at the Kinsale Energy offshore tenninal. This is the closest measuring
station to these beaches. The wave height and wave period at the Kinsale Energy tenninal
were obtained from the Met Eireann website (Met Eireann, 2013). In conjunction with the
timeline of the beach surveys from February to July the wave height and wave period
were recorded from February 2013 to July inclusive. The wave period and wave height at
this location were also recorded for the month of January. The average wave heights for
each month measured at the Kinsale Energy terminal can be observed in Table 4.1. It can
be observed from this table that the wave height is larger during the months closer to
Winter. The wave height decreased from 2.65m in January to 1.95m in March but
increased to 2.36m in April. The wave height decreases again to a value of 1.47m in July.
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The average wave period for eaeh month from January to July can be observed in Table
4.2.
Table 4.1 Average Monthly Offshore Wave Heights
Month

Average Wave
Height

January

2.650m

February

2.180m

March

1.950m

April

2.360m

May

1.850m

June

1.690m

July

1.470m

Table 4.2 Average Monthly Offshore Wave Periods
Month

Average Wave
Period

January

6.00s

February

5.46s

March

5.00s

April

5.92s

May

5.26s

June

5.08s

July

4.875s

In order to transform the recorded offshore wave heights into equivalent near
shore data, a specific wave transformation computer model was required. Unfortunately,
the resources were not available to acquire this computer program. Therefore, an
alternative calculation method was used to carry out the wave transformations. The
equations that were used are generally used when the bottom contours under the water are
parallel to each other as well as parallel with the shoreline. In reality the bottom contours
are never perfectly parallel with each other and with the shoreline. The wave
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transformation results that were calculated are therefore conservative and in reality the
near shore wave heights would be smaller values. The direction of the incoming waves is
required to carry out the transformation calculations. This was acquired from the offshore
measuring station where the wave height and waver period were also recorded. The
offshore wave period values generally do not change when they approach the shore,
therefore transformation is not required to find the equivalent near shore wave period
values.

4.1 Inch Beach
4.1.1

Waves
The calculations that were carried out to transfonn the recorded wave heights to

equivalent near shore wave heights for Inch Beach can be observed in Appendix G. The
wave heights that were calculated for each month can be observed in Table 4.3.
Table 4.3 Inch Beach near shore Wave Heights
Month

Near Shore
Wave Height

January

1.61m

February

1.17m

March

0.99m

April

1.40m

May

0.84m

June

0.78m

July

0.74m

In order observe the bottom contours to determine how parallel they were to each
other and to the shore line, admiralty charts were used to acquire the depths between the
offshore recording station and Inch Beach. The bathymetry between Inch Beach and the
offshore was sourced from published admiralty charts. It was discovered that the bottom
contours between these locations are not perfectly parallel but they are also not totally
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chaotic. The angle between the bottom contours and the incoming waves was required
and this was determined from the bathymetry charts and the known direction that the
waves are approaching the shore which is available from the Met Eireann website also
(Met Eireann, 2013).
4.1.2

Tide
The level that the high tide reached for the specific day when the beach surveys

were earned out was sourced from published tide tables. These tide levels can be
observed in Table 4.4. The specific height correction for Inch Beach was not published in
the tide tables but the standard port of Cobh was stated as well as secondary ports to
establish the level of the high tide at Inch Beach.
There is a car park located behind Inch Beach for patrons. The higher the tide
reaches, the more danger the car park is in of being damaged and transfonned into the top
of the beach. The rise in tide is an occurrence that does not happen very quickly. It
happens over a long period of time, in the order of years. It would be more appropriate to
measure the level of the tide over a number of years rather than a number of months.
Table 4.4 Inch Beach High Tide Levels
Date

Cobh High

Inch Beach

Inch Beach

Tide Level

Correction

Tide Level

13/02/13

4.3m

+0.1 m

4.4m

16/03/13

3.9m

+0.1 m

4.0m

25/04/13

4.1m

+0.1 m

4.2m

30/05/13

3.8m

+0.1 m

3.9m

26/06/13

4.2m

+0.1m

4.3m

26/07/13

4.1m

+0.1 m

4.2m
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4.2 Youghal Beach
4.2.1

Waves
The near shore wave heights at Youghal Beach that were transformed from the

recorded offshore values can be observed in Table 4.5. The wave transformation
calculations that were carried out to find these values can be seen in Appendix H. The
bathymetry from the Kinsale Energy offshore terminal to Youghal Beach was also
sourced from admiralty charts.
Table 4.5 Youghal Beach near shore Wave Heights
Month

Near Shore
Wave Height

January

1.96m

February

1.62m

March

1.42m

April

1.76m

May

1.34m

June

1.25m

July

1.04m

4.2.2

Tide
The level of the high tide at Youghal Beach was also sourced from the published

tide tables. In the tide tables the height correction for Youghal as a secondary port was
stated so estimation for the height correction was not required. The height correction was
-0.2m. The level of this high tide due to the height correction for each of the beach
surveys to Youghal Beach can be observed in Table 4.6.
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Table 4.6 Youghal Beach High Tide Levels
Date

Cobh High

Youghal Beach

Youghal Beach

Tide Level

Correction

Tide Level

25/02/13

4.3m

-0.2m

4.1m

18/03/13

3.9m

-0.2m

3.7m

28/04/13

4.1m

-0.2m

3.9m

31/05/13

3.8m

-0.2m

3.6m

28/06/13

4.2m

-0.2m

4.0m

28/07/13

4.1m

-0.2m

3.9m

4.3 Conclusion
The near shore wave height at Inch and Youghal Beaches were calculated as
shown in Table 4.7. The average wave height at Inch Beach was found to be 1.07m and
the average wave height at Youghal Beach was found to be 1.48m. The measured
offshore wave period values can be observed in Table 4.8. The wave period values were
not required to be transformed in order to detennine the near shore wave period values.
The average wave period was calculated as 5.37s. These are the important results
produced in this Chapter. The offshore wave height that both of these beaches were
transformed from were equal but the difference between the near shore values was due to
the angle that the waves approach the shore. The angle that the waves approached
Youghal Beach is less than the angle that they approached Inch Beach. Therefore, the
wave heights are greater as they approach Youghal Beach.
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Table 4.7 Youghal Beach near shore Wave Heights
Month

Inch Beach

Youghal Beach

Wave Height

Wave Height

January

1.61m

1.96m

February

1.17m

1.62m

March

0.99m

1.42m

April

1.40m

1.76m

May

0.84m

1.34m

June

0.78m

1.25m

July

0.74m

1.04m

Table 4.8 Wave Period Values
Month

Average
Wave Period

January

6.00s

February

5.46s

March

5.00s

April

5.92s

May

5.26s

June

5.08s

July

4.875s

The level of the high tide was determined at Inch and Youghal Beaches. These
values are not as important as the wave heights because they won’t be used later on in the
project, whereas the wave height will.
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5.1

Vegetation and Sand Bar
Vegetation
During the beach surveys that were carried out from February to July the

existence and extent of vegetation at each beach was detennined by visual inspection.
The existence of vegetation can play a great part in the prevention of beach erosion
occurring. The roots of vegetation can bind the sand together and prevent it from being
transported away by waves or wind. Sand that is being transported over the top of the
beach can be prevented from leaving the beach by vegetation that is located at the top of
the beach which would prevent land behind the beach from being eroded.
During each survey the existence and extent of the vegetation at each beach was
measured in two segments of the beach. The first segment was located between the top of
the left profile and the top of the middle profile. The second segment was located
between the top of the middle profile and the right profile. The locations of each segment
at Inch Beach can be observed in in Figure5.1.

Figure 5.1 Segment Locations
The first measurement was whether vegetation was located at the top of the beach
at all. If so, the quantity of vegetation was measured on a five point scale. This scale can
be observed in Table 5.1. Photographs were also taken as visual confirmation of the
vegetation and to observe if any changes occurred to the level of vegetation during the
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survey period. With regard to determining the beach erosion potential the vegetation is
important because if vegetation is present it reduces the erosion potential and the opposite
then occurs if vegetation is not present, the erosion potential is increased.
Table 5.1 Extent of Vegetation
Level of Vegetation

Extent of Vegetation Quantity

Very High

Dense vegetation and constant along segment

High

Dense vegetation but not constant along segment

Medium

Thick vegetation and constant along segment

Moderate

Thick vegetation and not constant along segment

Low

Light vegetation and constant along the segment

Very Low

Light vegetation but not constant along the segment

5.1.1

Inch Beach
The results with regard to the existence of vegetation that were found during each

survey at Inch Beach can be observed in Table 5.2. This table shows whether vegetation
exists or not and if so to the extent that it exists. Figure 5.2 and Figure 5.3 show the
photographs of the vegetation at Inch Beach along segment 1 and segment 2 respectively
for the survey which was carried out in February. The photographs of each segment for
each monthly survey at Inch Beach can be observed in Appendix I. There was very little
variation in the quantity of vegetation that exists from one beach survey to the next. The
most important aspect is that the vegetation was not destroyed or did not reduce from
February to July. However, during the Winter months if storm events occur the
vegetation may be damaged and the beach would lose some of the erosion protection that
the vegetation provides.
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Table 5.2 Inch Beach Vegetation
Date

Segment

Exist

Extent Level

13/02/13

1

YES

Medium

13/02/13

2

YES

Medium

16/03/13

1

YES

Medium

16/03/13

2

YES

Medium

25/04/13

1

YES

Medium

25/04/13

2

YES

Medium

30/05/13

1

YES

Medium

30/05/13

2

YES

Medium

26/06/13

1

YES

Medium

26/06/13

2

YES

Medium

26/07/13

1

YES

Medium

26/04/13

2

YES

Medium

.

... ---- *

Figure 5.2 Inch Beach February Segment 1 Vegetation

Figure 5.3 Inch Beach Segment February 2 Vegetation
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5.1.2

Youghai Beach
The same analysis of the existence and the extent of the vegetation was carried

out during each monthly survey of Youghai Beach. If vegetation was present the same
extent scale as Inch Beach was used to determine the quantity of vegetation that was
present. The results of the vegetation survey of Youghai Beach from February to July can
be observed in Table 5.3. It can be observed from this table and from Figure 5.3 that there
was no vegetation located anywhere along segment 1. There is a concrete footpath as well
as a timber boardwalk located along segment 1 at the top of Youghai Beach. Due to the
lack of vegetation sand may be transported behind the beach easier at this location
compared to other locations which do have vegetation. There was vegetation present all
along segment 2 each month from February to July. The photographs of segment 1 and
segment 2 for each month can be observed in Appendix J. The photographs of segment 1
and segment 2 for the February survey can be observed in Figure 5.4 and Figure 5.5
respectively.
Table 5.3 Youghai Beach Vegetation
Date

Segment

Exist

Extent Level

25/02/13

1

NO

N/A

25/02/13

2

YES

Very High

18/03/13

1

NO

N/A

18/03/13

2

YES

Very High

28/04/13

1

NO

N/A

28/04/13

2

YES

Very High

31/05/13

1

NO

N/A

31/05/13

2

YES

Very High

28/06/13

1

NO

N/A

28/06/13

2

YES

Very High

28/07/13

1

NO

N/A

28/04/13

2

YES

Very High
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Figure 5.4 Youghal Beach February Segment 1 Vegetation

Figure 5.5 Youghal Beach February Segment 2 Vegetation

5.2 Sand Bar
The existence of a sand bar at each beach was detennined by visual inspection as
well as the inspection of the surface profiles created from the GPS data recorded during
each survey. The existence of a sand bar can reduce the likelihood of beach erosion
occurring. When waves are approaching a beach and break at the beach the water can use
all of the wave's energy to transport sand. However, if the waves break before they reach
the shore; the water will have less energy and will not be able to transport as much sand.
The occurrence of a sand bar offshore causes the waves to break prematurely and lose
some of their energy. The existence of a sand bar can only be measured from the low tide
level to the top of the beach as this is the area visible when the tide is out. A typical sand
bar in the Philippines can be observed in Figure 5.6 (Dive Pilipinas, 2013). Sand bars
vary in dimensions and shape but if sand bars were located on Inch and Youghal Beach,
they would not be too dissimilar to the one shown in this figure. When the tide is in and
the water is at its highest level it may not be possible to see the submerged sand bar.
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Figure 5.6 Typical Sand Bar (Dive Pilipinas, 2013)
It is possible for multiple sand bars to be located on the one beach. Sand bars may
be located beyond the low tide level but this cannot be confirmed as they are pennanently
covered with water. During the beach surveys the existence of a sand bar was first of all
detennined. Following that, it would be determined whether multiple bars existed. If
either one sand bar or multiple sand bars were found to be situated on a beach the
location of the sand bar or bars and the distance from the mean high water spring mark
would then be recorded. As the GPS equipment was already in use during each beach
survey, it could then be used to recorded the location of the sand bar or bars.
5.2.1

Inch Beach
The existence of a sand bar was determined during each survey of Inch Beach.

The results regarding the existence of a sand bar that were recorded during each beach
survey can be observed in Table 5.4. It was found from the visual observation of Inch
Beach that there was no sand bar located at this beach. The GPS data and profiles created
of Inch Beach confirm this as there are no unusual rises and decreases in the surface of
the beach as shown in Figure 5.7.
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Table 5.4 Inch Beach Sand Bar
Date

Sand Bar

Multiple Sand

Distance from

Bars (No.)

MHWS

13/02/13

NO

N/A

N/A

16/03/13

NO

N/A

N/A

25/04/13

NO

N/A

N/A

30/05/13

NO

N/A

N/A

26/06/13

NO

N/A

N/A

26/07/13

NO

N/A

N/A

Figure 5.7 Inch Beach Middle Profile
5.2.2

Youghal Beach
During each survey of Youghal Beach the existence of a sand bar or multiple sand

bars was also detennined by visual inspection on the day of the survey and by
examination of the surface profiles created using the GPS data recorded. The results of
the visual inspection can be observed in Table 5.5 and the surface profiles of each month
can be observed in Figure 5.8. The results shown in this table and figure show that there
was no sand bar located at Youghal Beach during each monthly survey February to July.
The figure shows that in February (the yellow line) there is a rise in the surface of the
beach at 13m from the top of the beach and then decreases to be relatively unifonn with
the profiles from the other months' profiles. This would be considered a sand bar but the
location of this rise is above the mean high water spring level so it would not cause the
waves to break prematurely before they reach the shore. The waves would already be
after breaking by the time the water would reach this point. The mean high water spring
is demoted as the green horizontal line in Figure 5.8. The surface profiles of the middle of
Youghal Beach can be observed in Figure 5.9. This figure also shows a rise in the profile
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at 15m from the top of the beach but not as pronounced as on the left profile. This rise in
the level of the sand is above the mean high water spring mark so it would not aid in the
breaking of waves to reduce or prevent beach erosion.
Table 5.5 Youghal Beach Sand Bar
Date

Sand Bar

Multiple Sand

Distance from

Bars (No.)

MHWS

25/02/13

NO

N/A

N/A

18/03/13

NO

N/A

N/A

28/04/13

NO

N/A

N/A

31/05/13

NO

N/A

N/A

28/06/13

NO

N/A

N/A

28/07/13

NO

N/A

N/A

Figure 5.8 Youghal Beach Left Profiles

Figure 5.9 Youghal Beach Middle Profiles

5.3 Conclusion
Inch and Youghal Beaches were examined to determine the existence of
vegetation and sand bars during each monthly beach survey from February to July. It was
found that there was a medium level of vegetation located all along the top of Inch Beach.
There was a very high level of vegetation found to be located along one half of the top of
Youghal Beach but no vegetation located along the other half of this beach. From the
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surveys it was established that there were no sand bars located at either beach during the
survey time period from February to July.
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6

Beach Classification and Erosion Potential

6,1 Beach Classification
A study was carried out in Britain in 2010 where the charaeteristics of 92 beaches
were measured and analysed. It was found from this study that there were commonalities
between the characteristics of nine distinet beaeh types. The specifie state of each
characteristic that corresponds to each Beach Class can be observed in Table 6.1 (Scott,
Masselink, & Russell, 2011).
Table 6.1 Beach Classification Characteristics

Beach

Soil

Waves

Slope

Sand Bar

Medium - Coarse

Low Energy; H = 0.4 -

4- 10^'

No

3-T

No

1 -T

Yes: Single

0.5 - 5°

No

1.5-3°

No

0.5- 1.5°

Yes: Single

0.5- 1.5°

No

0.5 - 1.5°

Yes; Multiple

0.3 -0.5°

No

0.5m; T = 3-6s

Class 1
Beach

Medium - Coarse

Class 2
Beach

1.2m; T = 4-10s
Medium - Coarse

Class 3
Beach

Medium - Coarse

Fine - Medium

Medium - Coarse

Fine - Medium

High Energy: H = 1 - 3m;
T = 5 - 10s

Fine - Medium

Class 8
Beach

High Energy: H = 0.8 2m; T = 6 - 10s

Class 7
Beach

High Energy; H-0.7L4m;T = 8- 10s

Class 6
Beach

Low Energy: H = 0.2 Llm;T = 4- 10s

Class 5
Beach

Low Energy: H = 0.4 0.5m; T = 3.5 - 7.5s

Class 4
Beach

High Energy: H = 0.4 -

Low Energy: H = 0.4 0.8m; T - 3 - 6.5s

Fine

Class 9
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The beaches that were analysed in this study were located along the Welsh Coast
that is impacted by the Atlantic Ocean and in more sheltered locations also along the Irish
Channel and at the West of England. The locations of the beaches are similar to the
beaches around the Irish Coast - some are impacted by the Atlantic Ocean and some are
in more sheltered locations. Therefore, the state of the characteristics for each Beach
Class in this study can be used on the beaches around the Irish Coast.
6.1.1

Inch Beach
The beach characteristics that were measured at Inch Beach during each monthly

survey were used to determine which Beach Class this beach belongs to. Inch Beach was
classified as Beach Class 2 as a result of its measured characteristics. Each of the slopes
at this beach were found to be between 3*^ and 7“; the wave climate was found to be high
energy with a monthly average wave height of 1.07m (between 0.4m and 1.2m) and an
average wave period of 5.37s (between 4s and 10s); the vast majority of soil samples
collected at this beach were found to be medium sized sand and there is no sand bar
located on Inch Beach.
6.1.2

Youghal Beach
Youghal Beach was classes Beach Class 7 due to its measured characteristics. The

soil on this beach was found to be predominantly medium sand with some locations being
fine sand - the sand in Beach Class 7 was fine to medium. The near shore wave height
and wave period at Youghal Beach was found to be 1.48m and 5.37s respectively. Both
of these values are within the criteria for Beach Class 7 where the wave height is between
1 and 3m and the wave period is between 5s and 10s. There was no sand bar located at
Youghal Beach which complies with that characteristic of Beach Class 7. The slopes at
Youghal Beach were found to range from 3° to 5°, however, the slope of Beach Class 7 is
between 0.5° to 1.5°. Even though this characteristic does not agree with Beach Class 7, it
is the closest match to Youghal Beach due to the soil, wave climate and sand bar.
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6.2 Erosion Potential Calculation System
The study that was carried out in Britain that established the nine most common
beach types was carried out to identify which beaches are safer for patrons rather than to
determine which beaches are more prone to erosion (Scott, Masselink, & Russell, 2011).
Therefore, in order to determine the erosion potential of each Beach Class, a
methodology was devised which applies an erosion potential value to each of the
beaches’ onshore and offshore characteristics.
An erosion potential value scale from 0 to 100 was applied to each of the beach
characteristics. With 0 being no potential for erosion and 100 being the highest potential
for erosion. When the erosion potential of each of the characteristics has been calculated
they will be combined to calculate the overall erosion potential of the beach. The
appropriate erosion potential for each characteristic will be multiplied by a weighting
factor with regard to their importance in the cause or prevention of beach erosion
occurring. The weighting factors can be observed in Table 6.1. fhe overall beach erosion
potential can then be calculated on a scale from 0 to 100. The level of erosion potential
associated with the calculated value can be observed in Table 6.2.
Table 6.1 Erosion Potential Factors
Beach Characteristic
Soil D50
Slope at MHWS

Weighting Factor
0.3
0.075

Wave Height

0.4

Wave Period

0.15

Sand Bar

0.05

Vegetation

0.025
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Table 6.2 Erosion Potential Severity Scale
Erosion Severity

Erosion Potential Range

Extremely High Erosion Potential

80 - 100

Very High Erosion Potential

70-80

High Erosion Potential

60-70

Moderate Erosion Potential

50-60

Low Erosion Potential
6.2.1

<50

Erosion Potential with Regard to Soil
An erosion potential value from 0 to 100 was applied to D50 values of the soil on a

beach ranging from >2.0mm to <0.06mm. The equivalent erosion potential values for the
each D50 value can be observed in Table 6.3. The table shows that there is only one
erosion potential weighting for all soil samples with a D50 value of less than 0.06mm and
only one weighting for soil samples with a D50 value of greater than 2mm. It is possible
that there are soil samples from beaches with a D50 value of less than 0.06mm or greater
than 2mm but for this project the erosion potential values are only associated with that
range of soil particle sizes because the vast majority of soil samples will be within the
range of 0.06mm and 2mm. It can be observed from Table 3.2 that when the D50 value is
below 0.06mm or above 2mm, the soil is not sand.
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Table 6.3 Soil Erosion Potential Values
D50 Value

Erosion

(mm)

Potential

>2.0

10

1.5 -2.0

20

1.0- 1.5

30

0.9- 1.0

40

0.8 -0.9

50

0.7-0.8

60

0.6-0.7

70

0.4-0.6

80

0.3 -0.4

90

0.2-0.3

92.5

0.1 -0.2

95

0.06-0.1

97.5

<0.06

100

This weighting system was applied to the soil samples eollected at the top, middle
and at the bottom of each beach. The three weighting were combined by adding them
together. In order to bring the overall soil erosion potential back to a figure between 0 and
100 so that it can be combined with the other characteristics each of the three weightings
were multiplied by a second weighting. The soil at the top of a beach is more likely to be
transported due to the fact that it is not covered by water as much as the soil at the middle
and bottom. Therefore, the top soil sample weighting was multiplied by (2/3), the middle
soil sample weighting was multiplied by (1/6) and the bottom soil sample weighting was
also multiplied by (1/6). The weightings could then be added together to give a value
between 0 and 100 and the location where the most transport of sand occurs is given
more priority.
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6.2.2

Erosion Potential with Regard to Slope
The slopes from a range of 0° to greater than 14° were assigned erosion potential

values. The slopes and their equivalent erosion potential weightings ean be observed in
Table 6.4. This range of slopes was used as 14° is the greatest beach slope that was found
during the examination of the 92 beaches in England and Wales (Scott, Masselink, &
Russell, 2011). There is an erosion potential value associated with any slope greater than
14° for the slight chance that a slope greater than 14° is measured.
Table 6.4 Slope Erosion Potential Values
Slope

Erosion

(Degrees)

Potential

> 14.0

2.5

13.0- 15.0

5

12.0- 13.0

10

11.0- 12.0

20

10.0- 11.0

30

9.0- 10.0

40

8.0-9.0

50

7.0-8.0

60

6.0 - 7.0

70

5.0-6.0

75

4.0 - 5.0

80

3.0-4.0

85

2.0-3.0

90

1.0-2.0

95

0- 1.0

100

As the slopes of three locations on the beach were determined the erosion
potential was applied to each of these slopes. If the left and the right profiles were at the
extreme left and right of the beach they would not be given as much preference as the
slope for the middle profile slope. This is because the middle profile has twice as much of
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the beach taken into account. The left profile is only affected by the part of the beach to
its right and the right profile is only affected by the part of the beach to its left. When this
is the case the erosion potential value for the middle profile slop of the beach is
multiplied by 0.5, the erosion potential value for the left profile slope and the right profile
slope are both multiplied by 0.25. When the three values are added together, the overall
erosion potential for the slope at the mean high water spring level is found.
It is possible that the left and right profiles are not located at the extreme left and
right of the beach. When this is the case each of the left, middle and right profiles are
subjected to the same forces as each other because there are no obstructions at the left or
right of any of the profiles. The erosion potential value of the left profile slop, the middle
profile slope and the right profile slope are each multiplied by 0.333 or (1/3) and then
added together to have a value that takes all three slopes into account and is still between
0 and 100.
6.2.3

Erosion Potential with Regard to Wave Height
Erosion potential values were assigned to wave heights that are possible to occur

at beaches around the Irish Coast. These wave heights and their respective erosion
potential values can be observed in Table 6.5. The more likely wave heights to occur are
from Om to 4m as these are the most common wave heights that were measured during
the examination the beaches around the English and Welsh coasts (Scott, Masselink, &
Russell, 2011). There is always a chance that an extreme wave height occurs and this is
accounted for by the fact that an erosion potential value is associated with >4m wave
height. When the appropriate erosion potential value has been chosen it does not have to
be manipulated at all, it can be directly used in the overall erosion potential calculation
for the beach.
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Table 6.5 Wave Height Erosion Potential Values
Wave Height

Erosion

(m)

Potential

0-0.1

0

0.1 -0.15

2.5

0.15-0.2

5

0.2-0.25

7.5

0.25 - 0.3

10

0.3-0.35

15

0.35-0.4

20

0.4 - 0.45

25

0.45-0.5

30

0.5-0.55

35

0.55-0.6

40

0.6-0.7

45

0.7-0.8

50

0.8-0.9

60

0.9 - 1.0

70

1.0- 1.5

80

1.5 -2.0

85

2.0-3.0

90

3.0-4.0

95

>4.0

100

6.2.4

Erosion Potential with Regard to Wave Period
Erosion potential values were assigned to each wave period value from Os to > 16s

which can be observed in Table 6.6. The main wave period values in this table are from
Os to 16s as these are the most common wave periods that were measured around the
English and Welsh coasts. The '>16s’ option was included so that during storm events if
a wave period of greater than 16s was recorded, this methodology would still be

Aidan O' Connell

M. Eng. in Civil Engineering

54

Classifications of Irish Beaches to
Determine their Potential for Erosion

Beach Classification and
Erosion Potential

appropriate. The greatest erosion potential value was assigned to the smallest wave period
value and so on because if the wave period is low then more waves will strike a beach
over a certain period of time compared to if the wave period was greater. When the
erosion potential value has been selected it can be used directly in the overall beach
erosion potential calculation.
Table 6.6 Wave Period Erosion Potential Values
Wave Period

Erosion

(s)

Potential

0- 1.0

100

1.0-2.0

95

2.0-3.0

90

3.0-4.0

85

4.0 - 5.0

80

5.0-6.0

75

6.0 - 7.0

70

7.0 - 8.0

65

8.0-9.0

60

9.0- 10.0

50

10.0- 12.5

40

12.5- 16.0

20

>16

5

6.2.5

Erosion Potential with Regard to Sand Bar
The existence and extent of a sand bar was assigned erosion potential values

which can be observed in Table 6.7. The highest erosion potential was assigned to when
no sand bar is located at a beach. This is because there is no erosion preventative measure
compared to if a sand bar was situated at a beach. If there were multiple sand bars located
on a beach then there would be more chance of waves breaking prematurely before they
reach the beach so this is why the existence of multiple sand bars was given the lowest
erosion potential value.
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Table 6.7 Sand Bar Erosion Potential Values
Sand Bar State

Erosion Potential

Single Sand Bar Exists

40

Multiple Sand Bars Exists

20

No Sand Bar Exists

100

6.2.6

Erosion Potential with Regard to Vegetation
The appropriate erosion potential values associated with the state of the vegetation

were defined and these can be observed in Table 6.8 and Table 6.9. The state of ‘no
vegetation’ occurring on a beach received the highest erosion potential value as this state
provided no protection for the beach against the transportation of sand and erosion
occurring. When a very high vegetation level occurs, this receives the highest erosion
potential value as it provides the beach with the most protection against erosion. An
erosion potential value is selected for segment 1 of the beach survey and another value
for segment 2 of the survey. This is because the vegetation may differ greatly along the
course of the beach. The segment 1 and segment 2 erosion potential value are each
multiplied by 0.5 and then added together to reach the overall erosion potential value for
the vegetation.
Table 6.8 Segment 1 Vegetation Erosion Potential Values
Segment 1

Erosion

Vegetation Level

Potential

Very High

10

High

20

Medium

40

Moderate

60

Low

70

Very Low

80

NO VEGETATION

100

Table 6.9 Segment 2 Vegetation Erosion Potential Values
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Segment 2

Erosion

Vegetation Level

Potential

Very High

10

High

20

Medium

40

Moderate

60

Low

70

Very Low

80

NO VEGETATION

100

6.2.7

Validation of the Erosion Potential Calculator
The erosion potential ealeulation model was required to be tested to detennine if

the results that is creates are accurate. In order to carry this out the eharaeteristics a beach
that was known to have a high potential for erosion were input into the model. The
erosion potential value that the model generates should be a large value. The beach that
was used was Rosslare Strand. Beach protection measures were carried out at this beach
in the 1990s. The fact that the protection measures were put in place indicates that beach
erosion was occurring and measures were put in place to combat this erosion. The beach
protection measures that were implemented were a series of groynes and sand
replenishment (Sistermans, 1995).
The characteristics that were required to be input in the erosion potential
calculator were sourced and they can be observed in Table 6.10 (Sistermans, 1995). The
level of vegetation at Rosslare Strand was required to be assumed from visual inspection
of photographs as there was no level recorded as shown in Figure 6.1 (O Loughlin, 2013).
The vegetation was assumed to be medium level. There was no value for the slope at the
MHWS level of Rosslare Strand so a value was required to be assumed also. The value
that was used was 4° as this was the average slope calculated at Inch and Youghal
Beaches. However, it is possible that the slope of Rosslare Beach is different to these
beaches. The inputs for each characteristic Rosslare Strand as well as the calculation
model can be observed in Appendix K.
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Table 6.10 Rosslare Beach Characteristics
Characteristic

Rosslare Strand

Soil D50
Wave Height

0.25mm

Slope

2m
40

Sand Bar

NO

Vegetation

Medium

Figure 6.1 Rosslare Strand Vegetation
The erosion potential value of Rosslare Strand that was calculated was 88.5 which
is in the range of extremely high erosion potential. The fact that this beach required
protection measures and that the erosion potential value calculated was very high
indicates that the erosion potential calculator is accurate.
6.2.8

Erosion Potential of each Beach Class
The onshore and offshore beach characteristics of each of Beach Class were input

into this calculation model in order to technically determine the erosion potential of each
Beach Class. The calculation model inputs and outputs for each Beach Class can be
observed in Appendix L. The erosion potentials calculated for each Beach Class can be
observed in Table 6.11.
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Table 6.11 Beach Class Erosion Potential
Beach Class

Erosion Potential

Erosion Potential

Value

Level

Beach Class 1

61.25

High

Beach Class 2

80.125

Extremely High

Beach Class 3

61.125

High

Beach Class 4

79.125

Very High

Beach Class 5

85.75

Extremely High

Beach Class 6

81.375

Extremely High

Beach Class 7

87.25

Extrem.ely High

Beach Class 8

73.125

Very High

Beach Class 9

73.50

Very High

6.3 Inch Beach
Inch Beach was classified as Beach Class 2 which indicates that it has an
approximate erosion potential value of 80.125 which is an extremely high level of erosion
potential. The results from each monthly survey of Inch Beach were input into the erosion
potential calculation model in order to determine the specific erosion potential. The
values that were input for each characteristic for the survey carried out in February as
well as the equivalent erosion potential value can be observed in Table 6.12. The
equivalent inputs and results for each monthly survey can be observed in Appendix M.
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Table 6.12 Inch Beach 13/2/13 Individual Characteristics Erosion Potential
Beach

Measured

Erosion

Weighting if

Overall Erosion

Value

Potential Value

Necessary

Potential Value

D50 - Top

0.748mm

60

2/3

40

D50 - Middle

0.242mm

92.5

1/6

15.42

D50 - Bottom

0.254mm

92.5

1/6

15.42

Slope - Left

3"

90

1/4

22.5

Slope - Middle

6"

70

1/2

35

Slope - Right

5"

80

1/4

20

Wave Height

1.17m

80

N/A

80

Wave Period

5.46s

75

N/A

75

Sand Bar

NO BAR

100

N/A

100

Veg - Seg 1

Medium

40

1/2

20

Veg - Seg 2

Medium

40

1/2

20

Characteristic

The erosion potential due to each of the characteristics as well as the calculation
to find the overall beach erosion potential can be observed in Table 6.13. The weighting
factor for each of the characteristics is in relation to their importance in either causing or
preventing beach erosion occurring. The overall beach erosion potential for Inch Beach at
the time of the February survey was calculated as 76.127. The erosion potential results
for each monthly survey can be observed in Table 6.14. This table shows that the erosion
potential reduced gradually from the month of March through to July. The average
erosion potential of Inch Beach from February to July was calculated as 74.23 which is
5.895 less than the value calculated for Beach Class 2.
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Table 6.13 Inch Beach 13/2/13 Overall Erosion Potential
Beach

Individual

Characteristic

Erosion Potential

Weighting

Overall Erosion
Potential

Soil

70.84

0.3

21.252

Slope

77.5

0.075

5.8

Wave Height

80

0.4

32

Wave Period

75

0.15

11.25

Sand Bar

100

0.05

5

Vegetation

40

0.025

1
2:=

76.3

Table 6.14 Inch Beach Calculated Erosion Potentials
Date

Calculated Beach
Erosion Potential

13/2/13

76.3

16/3/13

78.41

25/4/13

N/A

30/5/13

74.22

26/6/13

71

26/7/13

71.375

6.4 Youghal Beach
Youghal Beach was classed as Beach Class 7 due to the state of its measured
characteristics. This shows that Youghal Beach has an approximate erosion potential
value of 81.25 which is an extremely high level of erosion potential. The actual erosion
potential value for Youghal Beach was calculated by inputting the measured state of each
characteristic into the erosion potential calculation model. There was one difference
between the model used for Inch Beach and Youghal Beach. This difference was the
weightings for the slopes at the mean high water spring level. The left, middle and right
profile slopes were all multiplied by a weighting factor of (1/3) as there was no difference
in any of the profiles. The left profile was not at the extreme left of this beach and the
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right profile was not at the extreme right of the beach. The values recorded from the
February survey at Youghal Beach that were inputted into the Excel program and the
equivalent erosion potential values can be observed in Table 6.15 and the remaining
inputs and outputs can be observed in Appendix N.
Table 6.15 Youghal Beach 25/2/13 Individual Characteristics Erosion Potential
Beach

Measured

Erosion

Weighting if

Overall Erosion

Value

Potential Value

Necessary

Potential Value

D50 - Top

0.396mm

90

2/3

60

D50 - Middle

0.262mm

92.5

1/6

15.41

D50 - Bottom

0.296mm

92.5

1/6

15.41

Slope - Left

5°

80

1/3

26.667

Slope - Middle

3"

90

1/3

30

Slope - Right

4°

85

1/3

28.33

Wave Height

1.62m

85

N/A

85

Wave Period

5.46s

75

N/A

75

Sand Bar

NO BAR

100

N/A

100

Veg -Seg 1

NO Veg

100

1/2

50

Veg -Seg 2

Very High

10

1/2

5

Characteristic

The erosion potential due to each of the characteristics on Youghal Beach as well
as the calculation to find the overall beach erosion potential for the February survey can
be observed in Table 6.16. The erosion potential for Youghal Beach in February was
calculated as 85.246. The overall beach erosion potential for each month that a survey
was carried out can be observed in Table 6.17. The average beach erosion potential for
the time period from February to July was calculated as 83.67, which is 3.58 less than the
value calculated for Beach Class 7.
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Table 6.16 Youghal Beach 25/2/13 Overall Erosion Potential
Beach

Individual

C haracteristic

Erosion Potential

Weighting

Overall Erosion
Potential

90.82

0.3

27.246

Slope

85

0.075

6.375

Wave Height

85

0.4

34

Wave Period

75

0.15

11.25

Sand Bar

100

0.05

5

Vegetation

55

0.025

1.375

Soil

85.246
Table 6.17 Youghal Beach Calculated Erosion Potentials
Date

Calculated Beach
Erosion Potential

25/2/13

85.246

18/3/13

83.25

28/4/13

85.625

31/5/13

83.25

28/6/13

83.375

28/7/13

81.25

6.5 Conclusion
Inch and Youghal Beaches were classes as one of nine most common beach types
that exist with respect to the state of their measured characteristics. Inch Beach was
characterised as Beach Class 2 and Youghal Beach was characterised as Beach Class 7.
In order to determine the erosion potential of each Beach Class a calculation
methodology was devised. This model applied appropriate erosion potential values to
each beach characteristic. It was established that both Beach Class 2 and Beach Class 7
had an erosion potential level of extremely high. Inch and Youghal Beaches were
respectively characterised as Beach Class 2 and 7 which implies that both Inch and
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Youghal Beaches had this extremely high erosion potential value. This is how
classification of these beaches determined their potential for erosion.
The calculation model was then used to calculate the erosion potential value and
level of Inch and Youghal Beaches. The measures states of each characteristic were input
into the model and it was established that Inch Beach had an erosion potential level of
very high and Youghal Beach had a level of extremely high. The result of the Inch Beach
calculation shows that the erosion potential level for this beach is not as high as when it
was classified as Beach Class 2. The Youghal Beach calculation agrees with the level of
erosion potential that the classification suggested, which was an extremely high level of
erosion potential.
There was a difference between the erosion potential value of Inch Beach which
was 74.23 and Youghal Beach which was 83.67. This difference is 9.44. The reasons for
this difference are that the soil on Youghal Beaeh was found to be finer than the soil on
Inch Beach and the wave heights approaching Youghal Beach were established to be
greater than the wave heights approaching Inch Beach.
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Beach Protection Measures
It is a reasonable assumption that not every beach with an erosion problem will

have work carried out on in order to prevent the erosion from occurring. That is why it is
important to determine which beaches are at the greatest risk of erosion. Following a
beach sur\ ey and the erosion potential calculation, if it is found that a beach has a very
high or an extremely high erosion potential, protection measures should be implemented.
The most appropriate beach protection measure depends on the state of the characteristics
on a beach. Some beach characteristics may be causing erosion to occur more than others
and if these characteristics are dealt with the erosion may cease to occur. Prior to any
beach protection measure being put in place an environmental impact statement must be
carried out to detennine the impacts that the measure would have on the environment. If
the impacts are too negative and suitable solutions cannot be found, the protection
measure will not be pennitted to be implemented. Before any structural measures are put
in place to protect the beach from erosion, the non-structural measures should be
considered. The non-structural measures are planting of natural vegetation and sand
recharge. If no vegetation exists at the top of a beach, this should be the first measure to
be implemented. Provided that the vegetation does not interfere with the safety of the
patrons, cause any obstruction to footpaths or boardwalks and once there is suitable space
to plant the vegetation. This measure is the easiest and cheapest to implement compared
to the other protection measures.
The characteristics which have the greatest impact on whether erosion occurs are
the wave height and the soil on the beach. If these primary causes of beach erosion could
be dealt with, it would go a long way to reducing the negative impacts of beach erosion.
If the wave climate is high energy then this will be a major cause to beach erosion. It can
be observed from Table 6.11 that the erosion potential of Beach Class 3 is lower than the
other beach classes and this is due to the existence of a sand bar which reduces the energy
of the waves when they reach the shore. If a measure was implemented to reduce the high
energy levels of the waves they would cause less erosion. The beach classes that have a
high energy wave climate are Beach Class 2, Beach Class 5 and Beach Class 7. The
protection measures that could be implemented to reduce the energy of the wave climate
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are a submerged breakwater and an artificial reef The artificial reef/submerged
breakwater would work in the same manner as a natural sand bar: it would cause the
waves to break prematurely and the waves would not cause as much erosion when they
reach the beach. The artificial reef is a more preferable measure to put in place compared
to a submerged breakwater as it may become an environmental asset as well as a beach
protection measure.
If the soil on the beach is medium to fine or fine it is more likely to be transported
by wave or wind action. If the transport of sand could be prevented this would aid in the
reduction of erosion occurring. Beach Class 5, Beach Class 7, Beach Class 8 and Beach
Class 9 all have of either fine to medium or fine sand. The protection measures that are
available to deal with this type of sand are sand recharge and groynes. The soil that is
used to replenish the beach would have to be coarser than the soil that already exists on
the beach. This is so that the forces that caused the original soil to be removed will not be
able to move the coarser soil as easily. If it is found that large quantities of sand are
transported by longshore drift, groynes can be implemented to halt this movement of
sand. Sand would be caught by the groynes and then it can be replaced back to where it
came from. This replacement of sand would have to be carried out regularly as the
transport of sand by longshore drift occurs continuously.
The occurrence of longshore drift is caused by the waves approaching the beach at
an angle, so if the energy in the waves that reach the shoreline was reduced less longshore
drift would occur. The implementation of an artificial reef/submerged breakwater would
reduce the energy in the incoming waves and subsequently reduce the quantity of sand
that is transported by longshore drift. An artificial reef or a submerged breakwater could
be implemented at any beach that has a high potential for erosion where a sand bar does
not exist. This applies to Beach Class 1, 2, 4, 5, 7 and 9.
At some beaches protection measures may already be in place but are not
preventing the occurrence of erosion. In this situation the protection measure could be
repaired, improved or combined with another beach protection measure in order to stop
the erosion from occurring. Groynes may be located at a beach but are too small or
damaged and not stopping any sand from being transported along the beach. These
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groynes could be repaired and sand could also be introduced to the beach to replenish the
locations of the beach that do not have an adequate quantity of sand.
The dimensions of the beach and the surrounding landscape such as cliffs or open
space must be taken into account when suggesting an appropriate beach protection
measure. Some measures are only suitable for certain types of beaches. For example,
groynes would not be suitable for a beach that is only 300m wide. A series of groynes
have to be set up along a much longer stretch of beach in order for them to work to their
full potential.

7.7 Inch Beach
Inch Beach was classed as Beach Class 2 due to the facts that it has a high energy
wave climate, the slope of the mean high water spring level on the beach is between 3^’
and T\ the sand is medium to coarse and there is no sand bar present. In order to reduce
the occurrence of beach erosion the primary measure would be to reduce the wave
energy. As there is no sand bar located at this beach, an artificial reef or a submerged
breakwater is the most appropriate method of reducing the wave energy that reaches the
beach. Another measure would be to transport sand onto this beach from another location.
The new soil would have to be coarse sand as the current sand at this beach is medium to
coarse. The surface profiles of Inch Beach that were created indicate that sand recharge is
not required as the surface of the beach decreased and increased over the time period of
the surveys. The beach was not losing sand each month. The level of vegetation that
exists at Inch Beach was found to be medium along both segments. The vegetation along
the top of Inch Beach could be supplemented and improved to a level of high.
These suggestions were then input into the erosion potential calculator to
determine if they made any reduction in the overall erosion potential of the beach. The
D50 value of the sand was increased, the wave height of the approaching waves was
increased and the level of vegetation along the top of the beach was increased. These
alterations can be observed in Appendix O. The average value for the February to July
time period that was found for Inch Beach was 67.72. Due to the proposed beach
protection measures the level of erosion potential reduced from very high to high erosion
potential.
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7.2

Youghal Beach
As a result of the eharaeteristics of Youghal Beach it was also classed as a Beach

Class 2. The wave climate is high energy so if this was reduced less erosion may occur.
An artificial reef could be put in place at Youghal Beach to reduce the wave energy.
However, this beach is 4000m long so it would not be possible to create an artificial reef
this long. The whole beach could be analysed and if some specific locations are found to
be at more risk of erosion than others, the reef could be put in place at those locations. At
Youghal Beach there were groynes put in place but they are damaged now and not
fulfilling their intended purpose. These could be repaired or removed altogether and new
improved groynes put in their place. This would prevent sand from being transported
along the beach by longshore drift. It was found from the beach surveys that the heights
of the surface of this beach increased and decreased but didn't vary by a large amount
throughout the six month time period. Therefore, it is not necessary to carry out sand
replenishment at this location of Youghal Beach. There is vegetation located alt along
segment 2 of Youghal Beach but no vegetation along segment 1 due to the presence of a
timber boardwalk. Vegetation could be planted in front of the boardwalk to reduce the
erosion potential.
The reduction in wave height due to an artificial reef situated in front of this
stretch of beach and the introduction of vegetation were inputted into the erosion
potential calculator as shown in Appendix P. The average value for this six month period
that was calculated was 75.64. As a result of the implementation of these measures the
level of erosion potential at Youghal Beach reduced from extremely high to very high.
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8 Conclusion
The objective of this project was to classify a number of beaches with respect to
their characteristics and determine the potential for erosion occurring due to the state of
those characteristics. In order to achieve this objective, monthly surveys were carried out
at two beaches in Cork from February 2013 to July 2013 inclusive. The beaches that were
surveyed were Inch Beach and Youghal Beach. The onshore characteristics with regard to
beach erosion that were measured during each survey were the profile/slope of the beach,
the soil on the beach, whether a sand bar exists and whether vegetation exists on the
beach. The profile/slope was measured using GPS equipment, soil samples were collected
at the top, middle and bottom of the beach, the existence of a sand bar was measured by
visual inspection as well as the surface profile of the beach and the existence of
vegetation was also measured by visual inspection. Offshore characteristics were also
recorded from February to July, which are the wave height and wave period of the
approaching waves. The deep-water wave height and wave period that were measured on
the Kinsale Energy Gas Platfonn off the Cork Coast were recorded from February to
July.
In order to gain quantifiable results from the beach surveys, the soil samples that
were collected were analysed by sieve analysis to find a D50 value; the GPS data was
input into Topcon Tools and then AutoCAD to produce drawings of the beach surface
profiles for each survey carried out and the offshore wave data was transformed into
equivalent near shore wave data.
Soil samples were collected at the top, middle and bottom of each beach during
each beach survey. There were 36 soil samples collected in total. Each of these samples
was sieved to find the D50 value. It was determined that the majority of the soil samples
collected at Inch Beach were medium sized sand. The soil samples collected at Youghal
Beach were found to be medium and fine sand with the majority being medium sand..
Using GPS equipment readings of the surface of each beach at the left, middle and right
of each beach were recorded during each survey. This raw data was input into Topcon
Tools and manipulated in order to make it possible to export it as an AutoCAD file.
When this was carried out the surface profiles for each beach during each monthly survey
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was created. The height of the surface at any location from the top of the beach to the
bottom of the beach as well as the slope at the mean high water spring level was able to
be determined from the surface profiles created on AutoCAD. The offshore wave heights
that were recorded were required to be transformed into near shore wave heights at each
beach. It was hoped that a computer program would be used to carry out these
transformations, however due to resources this program was not able to be purchased.
Therefore, an alternative hand calculation transformation method was used. In order to
measure the quantity of vegetation that exists on a beach the top of the beaeh was divided
up into two segments. The first segment was designated the location between the top of
the left profile and the top of the middle profile and the second segment was designated
as the location between the top of the middle profile and the top if the right profile. The
level of vegetation that existed in each of these segments was determined by visual
inspection of a scale of no vegetation to very high levels of vegetation. The existence of a
sand bar or multiple sand bars was also determined at each beach during the surveys. This
was done by visual inspection on the day of the survey and also using by inspecting the
profile of the beach that was created from the GPS data collected.
Nine most common beach types were established from a study that was carried
out on 92 beaches in Britain (Scott, Masselink, & Russell, 2011). The beaches within
each of the nine distinct types were similar to each other due to their characteristics. Inch
and Youghal Beaches were classed as one of the nine distinct types. Inch was classed as
Beach Class 2 and Youghal was classed as Beach Class 7 as a result of the measured
eharacteristies of each beach. The level of erosion potential associated with each of the
nine Beach Classes was required so that when a beach was classed as one of those types
that erosion potential can be associated with that beach.
In order to determine the level of erosion of each Beach Class a calculation model
was established. This model applied an erosion potential value to the state of each of the
beach characteristics. Erosion potential values on a scale of 0 to 100 were assigned to
each of the characteristics with regard to how much they cause or prevent erosion from
occurring, with 0 being the lowest erosion potential value and 100 being the highest
erosion potential value. The erosion potential values for each characteristic were then
combined to establish an overall erosion potential value for each Beach Class. The
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erosion potential value calculated for Beach Class 2 was 80.125 which is an erosion
potential level of extremely high. Therefore, Inch Beach also has this approximate value
and this erosion potential value. The value calculated for Beach Class 7 was 87.25 which
is also an extremely high level of erosion potential. The value calculated for Beach Class
7 (Youghal Beach) was 8.2% greater than the value calculated for Beach Class 2 (Inch
Beach.
The specific measured state of the characteristics at Inch and Youghal Beaches
were input into the erosion potential calculation model. It was calculated that the average
erosion potential value of Inch Beach was 74.23 which is a very high level of erosion
potential compared to an extremely high level established by classifying it as Beach Class
2. The characteristics of Youghal Beach were also input into the model and the average
value that was calculated was 83.67. This value is associated v/ith an extrem^ely high level
of erosion potential which agrees with the level suggested by classifying Youghal Beach
as Beach Class 7.
Beach protection measures were then suggested that may protect the beaches that
have a high erosion potential. The introduction of an artificial reef/submerged breakwater
was suggested for the beach classes that have no sand bar present and have a high energy
incoming wave climate. The reef would cause the waves to break prematurely and have
less energy to transport sand when they reach the shore. Some of the beach classes have
fine sand, a suggestion was mad that these beaches could be recharged with coarser sand
that would not be transported off the beach as easily. The introduction of groynes was
suggested for beaches where longshore transport is occurring and a large quantity of sand
is being transported to one end of the beach. Groynes are only possible on beaches that
are very long. The protection measures that were suggested specifically for Inch Beach
were to increase the level of vegetation along the top of the beach, implement sand
replenishment which would reduce the transport of sand from the beach and put an
artificial reef in place which would reduce the energy in the approaching waves. These
measures were input into the erosion potential calculation model to establish revised
values. The new value due to these measures for Inch Beach was 67.72 which was
reduced the level of erosion potential from very high to high. Protection measures were
also suggested for Youghal Beach. There was no vegetation located along half of the

Aldan O' Connell

M. Eng. in Civil Engineering

71

Classifications of Irish Beaches to
Determine their Potential for Erosion

Conclusion

surveyed location at this beach. It was suggested to plant some vegetation along this
stretch of beach to reduce the loss of sand from the beach at this location. It was also
suggested to construct an artificial reef offshore to decrease the energy of the waves that
reach the shore at this beach. The majority of the soil on this beach was fond to be
medium sand but some samples were found to be fine sand. It was proposed that sand
replenishment should be carried out at this beach with sand that is coarser than the
existing material. It was found from the analysis of the surface profiles that some
longshore transport occurred at Youghal Beach. Therefore, groynes were suggested in
order to halt the transport of sand along the beach. The series of groynes should be
implemented in conjunction with sand replenishment. The sand replenishment would
ensure that a sufficient quantity of sand remains all along the beach. The total length of
Youghal Beach is 4000m, which is suitable for groynes to be put in place. The
introduction of the protection measures were input into the calculation model and the
erosion potential value that was calculated due to the alternative state of the
characteristics was 75.64. This value corresponds to an erosion potential level of very
high. The level reduced from extremely high to very high due to the introduction of the
beach protection measures.
If this project or a similar project were to be carried out in the future, there are a
number of recommendations arising from this project that would increase its accuracy.
During this project, two beaches around the Irish Coast were surveyed over a six month
time period; it is recommended that a larger number of beaches should be surveys so that
a greater range of results for each beach characteristic could be found. There would be
more variation in the classification results as more than two Beach Classes would be
identified. This project was carried out over a time period of six months, to improve the
accuracy of the results and record changes due to a greater variation in the weather the
length of time should be at least twelve months. This time period would ensure that the
influence that each season has on the beach characteristics is measured at least once. Only
one beach with an approximate known erosion potential value was used to validate the
calculation model. In order to increase the accuracy of the validation of the model, more
beaches with a known erosion potential level - whether very high or low - should be used.
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The aim of this project was achieved by the fact that each of the beaches analysed
were classed into one of the nine Beach Classes which designated an erosion potential
level to each of the beaches. Due to the level of erosion potential, suitable beach
protection measures were able to be suggested in order to reduce the level of erosion
potential.
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Appendix B - Inch Beach Profiles
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Figure B.l Inch Beach Left Profiles
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Figure B.2 Inch Beach Middle Profiles

RIGHT PRGFIFE
“I--------------------1------------------- 1--------------------1------------------- 1--------------------1------------------- 1--------------------1--------------------r

Figure B.3 Inch Beach Right Profiles
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Appendix C - Youghai Beach Profiles
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Figure C.l Youghai Beach Left Profiles
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Figure C.l Youghai Beach Middle Profiles
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Figure C.3 Youghai Beach Right Profiles
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Appendix D - Soil Analysis Method Statement and Risk
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Appendix E - Inch Beach Sieve Analysis Results
Table E.l Inch Beach 13/2/13 Top Sieve Analysis
Sieve
Sieve

Soil

Mass

Sieve + Mass

Cumulative

o/
/o

Name

Size

Unit

(kg)

Soil (kg)

(kg)

% Passing

Retained

50mm

50

mm

1.970

1.970

0.000

100.00%

0.00%

37.5mm

37.5

mm

1.600

1.600

0.000

100.00%

0.00%

28 mm

28

mm

1.473

1.473

0.000

100.00%

0.00%

20mm

20

mm

1.240

1.251

0.011

99.07%

0.93%

14mm

14

mm

1.392

1.645

0.253

77.73%

21.35%

10mm

10

mm

1.429

1.587

0.158

64.39%

13.33%

6.3 mm

6.3

mm

1.519

1.589

0.070

58.49%

5.91%

5 mm

5

mm

1.149

1.158

0.009

57.73%

0.76%

3.35 mm

3.35

mm

1.132

1.140

0.008

57.05%

0.67%

2.36mm

2.36

mm

1.074

1.080

0.006

56.55%

0.51%

1.18mm

1.18

mm

0.970

0.994

0.024

54.52%

2.02%

600|im

0.6

mm

0.870

0.942

0.072

48.45%

6.07%

425 pm

0.425

mm

0.817

0.935

0.118

38.49%

9.96%

300pm

0.3

mm

0.803

1.246

0.443

1.10%

37.39%

212pm

0.212

mm

0.837

0.845

0.008

0.42%

0.67%

150pm

0.15

mm

0.823

0.828

0.005

0.00%

0.42%

63 pm

0.063

mm

0.783

0.783

0.000

0.00%

0.00%

0.878

0.878

0.000

0.00%

0.00%

V

1.185
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Table E.2 Inch Beach 13/2/13 Middle Sieve Analysis
Soil

Sieve
Sieve

Mass

Sieve + Mass

Cumulative

%

Name

Size

Unit

(kg)

Soil (kg)

(kg)

Vo Passing

Retained

50mm

50

mm

1.970

1.970

0.000

100.00%

0.00%

37.5mm

37.5

mm

1.599

1.599

0.000

100.00%

0.00%

28mm

28

mm

1.473

1.473

0.000

100.00%

0.00%

20mm

20

mm

1.241

1.241

0.000

100.00%

0.00%

14mm

14

mm

1.392

1.401

0.009

99.11%

0.89%

10mm

10

mm

1.430

1.430

0.000

99.11%

0.00%

6.3 mm

6.3

mm

1.519

1.520

0.001

99.01%

0.10%

5 mm

5

mm

1.149

1.149

0.000

99.01%

0.00%

3.35mm

3.35

mm

1.132

1.133

0.001

98.91%

0.10%

2.36mm

2.36

mm

1.074

1.075

0.001

98.81%

0.10%

1.18mm

1.18

mm

0.971

0.974

0.003

98.51%

0.30%

600|im

0.6

mm

0.868

0.886

0.018

96.72%

1.79%

425|am

0.425

mm

0.812

0.841

0.029

93.84%

2.88%

300fim

0.3

mm

0.801

0.939

0.138

80.12%

13.72%

212|.im

0.212

mm

0.836

1.296

0.460

34.39%

45.73%

150fim

0.15

mm

0.820

1.099

0.279

6.66%

27.73%

63 ^im

0.063

mm

0.783

0.822

0.039

2.78%

3.88%

0.866

0.894

0.028

0.00%

2.78%

I

1.006
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Table E.3 Inch Beach 13/2/13 Bottom Sieve Analysis
Soil

Sieve
Sieve

Mass

Sieve + Mass

Cumulative

%

Name

Size

Unit

(kg)

Soil (kg)

(kg)

% Passing

Retained

50mm

50

mm

1.970

1.970

0.000

100.00%

0.00%

37.5mm

37.5

mm

1.600

1.600

0.000

100.00%

0.00%

28mm

28

mm

1.473

1.473

0.000

100.00%

0.00%

20mm

20

mm

1.240

1.240

0.000

100.00%

0.00%

14mm

14

mm

1.392

1.392

0.000

100.00%

0.00%

10mm

10

mm

1.429

1.432

0.003

99.69%

0.31%

6.3mm

6.3

mm

1.519

1.524

0.005

99.19%

0.51%

5 mm

5

mm

1.149

1.151

0.002

98.98%

0.20%

3.35mm

3.35

mm

1.132

1.134

0.002

98.78%

0.20%

2.36mm

2.36

mm

1.074

1.076

0.002

98.58%

0.20%

1.18 mm

1.18

mm

0.970

0.981

0.011

97.46%

1.12%

600}im

0.6

mm

0.866

0.906

0.040

93.39%

4.07%

425f,im

0.425

mm

0.809

0.892

0.083

84.94%

8.44%

300|im

0.3

mm

0.796

0.979

0.183

66.33%

18.62%

212|im

0.212

mm

0.831

1.141

0.310

34.79%

31.54%

150|im

0.15

mm

0.818

1.108

0.290

5.29%

29.50%

63|im

0.063

mm

0.783

0.829

0.046

0.61%

4.68%

0.878

0.884

0.006

0.00%

0.61%

I

0.983
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Appendix F - Youghal Beach Sieve Analysis Results
Table F.l Youghal Beach 25/2/13 Top Sieve Analysis
Soil

Sieve
Sieve

Mass

Sieve + Mass

Cumulative

%0

Name

Size

Unit

(hg)

Soil (kg)

(kg)

% Passing

Retained

50mm

50

mm

1.970

1.970

0.000

100.00%

0.00%

37.5mm

37.5

mm

1.600

1.600

0.000

100.00%

0.00%

28mm

28

mm

1.473

1.473

0.000

100.00%

0.00%

20mm

20

mm

1.240

1.240

0.000

100.00%

0.00%

14mm

14

mm

1.392

1.408

0.016

98.94%

1.06%

10mm

10

mm

1.429

1.441

0.012

98.14%

0.80%

6.3 mm

6.3

mm

1.519

1.536

0.017

97.01%

1.13%

5 mm

5

mm

1.149

1.163

0.014

96.08%

0.93%

3.35mm

3.35

mm

1.132

1.156

0.024

94.48%

1.60%

2.36mm

2.36

mm

1.074

1.080

0.006

94.08%

0.40%

1.18mm

1.18

mm

0.970

1.051

0.081

88.70%

5.39%

600 pm

0.6

mm

0.870

1.001

0.131

79.99%

8.71%

425 pm

0.425

mm

0.817

1.150

0.333

57.85%

22.14%

300pm

0.3

mm

0.803

1.307

0.504

24.34%

33.51%

212pm

0.212

mm

0.837

1.150

0.313

3.52%

20.81%

150pm

0.15

mm

0.823

0.874

0.051

0.13%

3.39%

63pm

0.063

mm

0.783

0.784

0.001

0.07%

0.07%

0.878

0.879

0.001

0.00%

0.07%

I

1.504
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Table F.2 Youghal Beach 25/2/13 Middle Sieve Analysis
Sieve
Sieve

Soil

Mass

Sieve + Mass

Cumulative

%

Name

Size

Unit

(kg)

Soil (kg)

(kg)

% Passing

Retained

50mm

50

mm

1.970

1.970

0.000

100.00%

0.00%

37.5mm

37.5

mm

1.600

1.600

0.000

100.00%

0.00%

28mm

28

mm

1.473

1.473

0.000

100.00%

0.00%

20mm

20

mm

1.240

1.240

0.000

100.00%

0.00%

14mm

14

mm

1.392

1.398

0.006

99.56%

0.44%

10mm

10

mm

1.429

1.443

0.014

98.53%

1.03%

6.3mm

6.3

mm

1.519

1.522

0.003

98.31%

0.22%

5 mm

5

mm

1.149

1.151

0.002

98.16%

0.15%

3.35mm

3.35

mm

1.132

1.140

0.008

97.58%

0.59%

2.36mm

2.36

mm

1.074

1.095

0.021

96.04%

1.54%

1.18mm

1.18

mm

0.970

1.044

0.074

90.60%

5.43%

600)im

0.6

mm

0.870

0.921

0.051

86.86%

3.74%

425gm

0.425

mm

0.817

0.847

0.030

84.65%

2.20%

300gm

0.3

mm

0.803

0.895

0.092

77.90%

6.75%

212fim

0.212

mm

0.837

1.715

0.878

13.44%

64.46%

150fim

0.15

mm

0.823

0.996

0.173

0.73%

12.70%

63|im

0.063

mm

0.783

0.790

0.007

0.22%

0.51%

0.878

0.881

0.003

0.00%

0.22%

I

1.362
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Table F.3 Youghal Beach 25/2/13 Bottom Sieve Analysis
Soil

Sieve
Sieve

Mass

Sieve + Mass

Cumulative

o/
/o

Name

Size

Unit

(kg)

Soil (kg)

(kg)

% Passing

Retained

50mm

50

mm

1.970

1.970

0.000

100.00%

0.00%

37.5mm

37.5

mm

1.600

1.600

0.000

100.00%

0.00%

28mm

28

mm

1.473

1.473

0.000

100.00%

0.00%

20mm

20

mm

1.240

1.240

0.000

100.00%

0.00%

14mm

14

mm

1.392

1.392

0.000

100.00%

0.00%

10mm

10

mm

1.429

1.434

0.005

99.69%

0.31%

6.3 mm

6.3

mm

1.519

1.536

0.017

98.63%

1.06%

5 mm

5

mm

1.149

1.163

0.014

97.76%

0.87%

3.35 mm

3.35

mm

1.132

1.163

0.031

95.84%

1.93%

2.36mm

2.36

mm

1.074

1.129

0.055

92.42%

3.42%

1.18 mm

1.18

mm

0.970

1.020

0.050

89.31%

3.11%

600f.im

0.6

mm

0.870

0.959

0.089

83.78%

5.53%

425 pm

0.425

mm

0.817

0.863

0.046

80.92%

2.86%

300|im

0.3

mm

0.803

1.280

0.477

51.27%

29.65%

212gm

0.212

mm

0.837

1.310

0.473

21.88%

29.40%

150|.im

0.15

mm

0.823

1.113

0.290

3.85%

18.02%

63|im

0.063

mm

0.783

0.820

0.037

1.55%

2.30%

0.878

0.903

0.025

0.00%

1.55%

I

1.609
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Appendix G - Inch Beach Wave Transformation Calculations
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Appendix I - Inch Beach Vegetation Photogrpahs

Figure H.l Inch Beach February Segment 1 Vegetation

Figure H.2 Inch Beach February Segment 2 Vegetation

Figure H.3 Inch Beach March Segment I Vegetation

Figure H.4 Inch Beach March Segment 2 Vegetation

Aidan O' Connell

M. Eng. in Civil Engineering

II

Appendix

Classifications of Irish Beaches to
Determine their Potential for Erosion

Figure H.5 Inch Beach April Segment 1 Vegetation

Figure H.6 Inch Beach April Segment 2 Vegetation

Figure H.7 Inch Beach May Segment 1 Vegetation

Figure H.8 Inch Beach May Segment 2 Vegetation

Figure H.9 Inch Beach June Segment 1 Vegetation

Aidan O' Connell

M. Eng. in Civil Engineering

12

Appendix

Classifications of Irish Beaches to
Determine their Potential for Erosion

Figure H.IO Inch Beach June Segment 2 Vegetation

Figure H.l 1 Inch Beach July Segmentl Vegetation
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Figure H.l2 Inch Beach July Segment 2 Vegetation
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Appendix J - Youghal Beach Vegetation Photographs

Figure I.l Youghal Beach February Segment 1 Vegetation
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Figure 1.2 Youghal Beach February Segment 2 Vegetation
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Figure 1.3 Youghal Beach March Segment 1 Vegetation
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Figure 1.4 Youghal Beach March Segment 2 Vegetation
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Figure 1.5 Youghal Beach April Segment 1 Vegetation

Figure 1.6 Youghal Beach April Segment 2 Vegetation
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Figure 1.7 Youghal Beach May Segment 1 Vegetation

Figure L8 Youghal Beach May Segment 2 Vegetation
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Figure 1.9 Youghal Beach June Segment 1 Vegetation

Figure 1.10 Youghal Beach June Segment 2 Vegetation
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Figure I.l 1 Youghal Beach July Segment 1 Vegetation

Figure 1.12 Youghal Beach July Segment 2 Vegetation
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Appendix K- Rosslare Strand Erosion Potential Calculations
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Figure K.l Rosslare Erosion Potential Calculation
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Appendix L - Beach Classes Erosion Potential Calculations

Figure L. 1 Beach Class 1 Erosion Potential Clauclation
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Figure L.2 Beach Class 2 Erosion Potential Calculation
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Figure L.3 Beach Class 3 Erosion Potential Calculation
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Figure L.4 Beach Class 4 Ersion Potential Calculation
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Figure L.5 Beach Class Erosion Potential Calculation
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Figure L.6 Beach Class 6 Erosion Potential Calculation
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Figure L.7 Beach Class 7 Erosion Potential Calculation
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Figure L.8 Beach Class 8 Erosion Potential Calculation
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Figure L.9 Beach Class 9 Erosion Potential Calculation
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Appendix M - Inch Beach Erosion Potential Calculations
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Figure M.l Inch Beach 13/2/13 Erosion Potential Calculation
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Appendix N - Youghal Beach Erosion Potential Calculations
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Figure N.l Youghal Beach 25/2/13 Erosion Potential Calculation
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Appendix O - Inch Beach with Protection Measure Erosion
Potential Calculation
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Figure 0.1 Inch Beach 13/2/13 with Protection Measures Erosion Potential Calculation
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Appendix P - Youghal Beach with Protection Measures
Erosion Potential Calculations
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Figure P.l Youghal Beach 25/2/13 with Protection Measures Erosion Potential
Calculaiton
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